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DATA CLASSIFICATION 


Product Preview 


This heading on a data sheet indicates that the device is in the formative 
stages or in design (under development). The disclaimer at the bottom of 
the first page reads: ‘‘This document contains information on a product 
under development. Motorola reserves the right to change or discontinue 
this product without notice.” 


Advance Information 


This heading on a data sheet indicates that the device is in sampling, 
preproduction, or first production stages. The disclaimer at the bottom of 
the first page reads: ‘This document contains information on a new product. 
Specifications and information herein are subject to change without notice.”’ 


Fully Released 


A fully released data sheet contains neither a classification heading nor a 
disclaimer at the bottom of the first page. This document contains infor- 
mation on a product in full production. Guaranteed limits will not be changed 
without written notice to your local Motorola Semiconductor Sales Office. 


BurstRAM, DSPRAM, ParityRAM, and QuickRAM are trademarks of Motorola, Inc. 
SPARC is a trademark of Sun Microsystems. 


(AA) MOTOROLA 


MEMORIES 


Prepared by 
Technical Information Center 


Motorola has developed a broad range of reliable memories for virtually any digital 
data processing system application. Complete specifications for the individual circuits 
are provided in the form of data sheets. In addition, a selector guide is included to 
simplify the task of choosing the best combination of circuits for optimum system 
architecture. 


New Motorola memories are being introduced continually. For the latest 
releases, and additional technical information or pricing, contact your nearest 
authorized Motorola distributor or Motorola sales office. 


Motorola reserves the right to make changes without further notice to any products herein to improve reliability, 
function or design. Motorola does not assume any liability arising out of the application or use of any product 
or circuit described herein; neither does it convey any license under its patent rights nor the rights of others. 
Motorola products are not designed, intended, or authorized for use as components in systems intended for 
surgical implant into the body, or other applications intended to support or sustain life, or for any other application 
in which the failure of the Motorola product could create a situation where personal injury or death may occur. 
Should Buyer purchase or use Motorola products for any such unintended or unauthorized application, Buyer 
shall indemnify and hold Motorola and its officers, employees, subsidiaries, affiliates, and distributors harmless 
against all claims, costs, damages, and expenses, and reasonable attorney fees arising out of, directly or indirectly, 
any claim of personal injury or death associated with such unintended or unauthorized use, even if such claim 
alleges that Motorola was negligent regarding the design or manufacture of the part. Motorola and ®) are 
registered trademarks of Motorola, Inc. Motorola, Inc. is an Equal Opportunity/Affirmative Action Employer. 
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1M x 1, 70/80/100 ns, Page Mode ............... 
1M x 1, 70/80/100 ns, Nibble Mode .............. 
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8K x 8, 55/70 ns, —40 to 85°C... eee 
8K x 8, 45/55, Low Power ............0.00e eee 
32K x9, BO/B4/45.NS ... cece eee 
32K x 9, 17/20/25 ns, See QuickKRAM ............ 
32K x 9, 12/15 ns, See QuickKRAM Il ............. 
SeK.& 6,.30/34/49 AS i deci. Sein vue eneees 
32K x 8, 17/20/25 ns, See QuickRAM ............ 
32K x 8, 25/30/35/45/55 ns, -40 to 85°C ......... 
32K x 8, 12/15 ns, See QuickKRAM Il ............. 
256K x 1, 15/20/25 ns, See QuickRAM Il ......... 
256K x 1, 10/12 ns, See QuickRAM Il ............ 
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MCM6269 4K x 4, 20/25/35 ns, Fast Chip Select ........... 0.0.0... 0c 7-78 
MCM6270 4K x 4, 20/25/35 ns, Output Enable ................. ere TT eee 7-83 
MCM62820 8K x 20, 23/30 ns, Latched Address ..................0 cece eeeee 9-96 
MCM6287 O41 O1G 29/95 NS: ti Facia iii eene Bide La thak dds eres soneacoe wes 7-89 
MCM6287-12,15,20 64K x 1, 12/15/20 ns, See QuickKRAM .................0 000 eee eee 7-122 
MCM6287C-8,10 64K x 1, 8/10 ns, See QuickKRAM Il ................ ects 5 Balsa 7-142 
MCM6288 TOK 4.20/29/30/35 NS tb-nte di Sout wae sawike caeiese dN eae eb 7-98 
MCM6288-12,15 16K x 4, 12/15 ns, See QuickRAM ............. 0.00 cece eee eee 7-122 
MCM6288C-8, 10 16K x 4, 8/10 ns, See QUICKRAM Il... 0... eee ee 7-142 
MCM6290 16K x 4, 10/25/30/35 ns, Output Enable ....................00 00 7-98 
MCM6290-12,15 16K x 4, 12/15 ns, See QuiCKRAM ........ 0.0... cc eee eee (7-122 
MCM6290C-8,10 16K x 4, 8/10 ns, See QuickKRAM Il ............... 00.00.00. e eee . 7-142 
MCM6292 16K x 4, 25/30 ns, Synchronous, Transparent Outputs ............ 9-13 
MCM6293 16K x 4, 20/25 ns, Synchronous, Output Registers ............... 9-22 
MCM6294 16K x 4, 20/25 ns, Synchronous, Output Registers, 
OUIpUt Enable” aiy.cemadin tense e a dye ecoed a cucuinauteess 9-31 
MCM62940 32K x 9, 14/19/24 ns, Synchronous, BurstRAM, 
for O40: AppllCaliOnS ous naw bee pairs nals toon etwaade Aen aac 9-102 
MCM6295 16K x 4, 25/30 ns, Synchronous, Transparent Outputs, 

: Output A te ec ede wa card merce de tacloean en nee on aaa ae 9-40 
MCM62950 32K x 9, 20/25 ns, Synchronous, for RISC-CISC Cache ........... 9-110 
MCM62960 32K x 9, 17/20/24 ns, Synchronous, Output Registers ............. 9-115 
MCM62963 4K x 10, 18/20/25/30 ns, Synchronous, Output Registers .......... 9-120 
MCM62964 4K x 10, 20/25/30 ns, Synchronous, Output Registers, 

| Output Enable: scone nae ten eeeutawark eae e anal oke cua arik 9-125 
MCM62965 4K x 10, 25/30/35 ns, Synchronous, Transparent Outputs, 

OUIDULENADICN :.3% 326i 2 ceargeeteaea tee eden oho tee tawee as 9-129 

MCM62973 4K x 12, 18/20/25/30 ns, Synchronous, Output Registers .......... 9-133 
MCM62974 4K x 12, 18/20/25/30 ns, Synchronous, Output Registers, 

| Output: Enablee sot ccacivare thoes etter eisedseyeewaude Eotetee 9-138 
MCM62975 4K x 12, 25/30/35 ns, Synchronous, Transparent Outputs, 


OutouVenable* ovat cs ad eet tartan dae ned ede sau omens Sees 9-142 


MOTOROLA MEMORY DATA 


Device Number 


MCM62980 
MCM62981 
MCM62982 
MCM62983 
MCM62990 
MCM62995 
MCM6706 
MCM6708 
MCM67081 
MCM67082 
MCM6709 
MCM81000 
MCM8256 
MCM84000 
MCM84256 
MCM8L1000 
MCM8L4000 
MCM8L4256 
MCM91000 
MCM94000 
MCM94256 
MCM9L1000 
MCM9L4000 
QuickRAM 
QuickRAM II 


ALPHANUMERIC INDEX (Continued) 


Function 


64K x 4, 15/20 ns, Synchronous ......... 0.02. eee eee 
64K x 4, 15/20 ns, Synchronous, ParityRAM ..................0.. 
64K x 4, 12/15 ns, Synchronous, Output Registers ............... 
64K x 4, 12/15 ns, Synchronous, ParityRAM, Output Registers ..... 
16K x 16, 17/20/25 ns, Synchronous ......... 00... eee eee 
16K x 16, 17/20/25 ns, Asynchronous, Latched Address .......... 
BOK 8 OZ 1SS: tc ectanyethty teat anwar acieneaeda aeaewes 
64K <4. JOA2 NS. ot ceteris died ees tees ear aceme nae nee 
64K x 4, 10/12/15 ns, Separate Input/Output ..................06. 
64K x 4, 10/12/15 ns, Separate Input/Output ..................0.. 
64K x 4, 10/12 ns, Output Enable ............ 0... cece eee 
1528, 70/80/1060 NSi< suede cen aus aces ents woe eag eet Gewese 
250K 8 20/25/30 NS tenis Bene ial ewe eines eet eaek ee 
AMSC6 BO/N00 AS tintarectivts- tanto ahauman anette betes Yat 


[200K-X.8,:70/00/ 100 NS: sien need in Geen e gented Ganhee bela ee 


1M x 8, 70/80/100 ns, Low Power ............. 0.0: e ee eee eee 
4M x 8, 80/100 ns, Low Power ......... 0.00: cece eee eee eee 
256K x 8, 70/80/100 ns, Low Power ............0 0000 ee eee eens 
MSCS. 7O/S0/100 NS: 232534 cargos ieee treks cased aie bes 
ANI SCS 580/100 NS ino et cs ended ene b Gee eo ae eae 
250K 59. 70/60) 1O0-S wc een an ite ddr atr ewes Se een 
4M x 9, 70/80/100 ns, Low Power .............0 0c cece eee eee eee 
TAA SES: BO OOCAS acto os cis a Sie fot le akon We DA ew eee we Se eee 
Fast Static RAM:FAMIY css. ceresaniadageter eoeuetaxteicewes eat 
Fast Static RAM Family: i ncnnccct series toed ees eeu da sonnets 


MOTOROLA MEMORY DATA 


xi 


Page 
Number 


9-147 
9-153 
9-158 
9-163 
9-168 
9-174 
7-105 
7-110 
7-116 
7-116 
7-110 
3-51 
8-17 
3-62 
3-74 
3-51 
3-62 
3-74 
3-85 
3-96 
3-108 
3-85 
3-96 
7-122 


MOTOROLA MEMORY DATA 


xii 


Selector Guide and Cross Reference 1 


MOTOROLA MEMORY DATA 
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MOTOROLA MEMORY DATA 
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DYNAMIC RAMs (HCMOS 
70/80/100 80/70/60 18, 20, 20/26 ;(P)DIP, (Z)IP, SO(J) {Fast page mode with low power battery backup 
MCM514256A 70/80/100 80/70/60 20, 20, 20/26 |(P)DIP, (Z)IP, SO(J) |Fast page mode cycle time=40/45/55 ns 
MCM51L4256A | 70/80/100 80/70/60 20, 20, 20/26 {(P)DIP, (Z)IP, SO(J) {Fast page mode with low power battery backup 
MCM514258A 70/80/100 80/70/60 20, 20, 20/26 }(P)DIP, (Z)IP, SO(J) [Static column mode cycle time=40/45/55 ns 
MCM51L4400 80/100 105/90 20, 20/26 = |(Z)IP, SO(J) Fast page mode with low power battery backup 


Motorola Address Operating 
Organi- Part Access Time Current Package 
zation | Number ns Max mA Max _Options 
MCM511001A 70/80/100 80/70/60 18, 20, 20/26 |(P)DIP, (Z)IP, SO(J) |Nibble mode access time=35/35/40 ns 
saat eae 80/100 100/85 20, 20/26 |(Z)IP, SO(J) Fast page mode cycle time=50/60 ns 
MCM51L4100 80/100 100/85 20, 20/26 Z)IP, SO(J Fast page mode with low power battery backup 
Z)IP, SO(J 


ia 70/80/100 80/70/60 18, 20, 20/26 |(P)DIP, (Z)IP, SO(J) |Fast page mode cycle time=40/45/55 ns 
MCM511002A 70/80/100 80/70/60 18, 20, 20/26 |(P)DIP, (Z)IP, SO(J Static column mode cycle time=40/45/55 ns 
cu 4400 80/100 105/90 20, 20/26 {(Z)IP, SO(J) Fast page mode cycle time=50/60 ns 


MCM514410 80/100 105/90 20, 20/26 Fast page mode with write per bit 





for Custom DRAM Modules 


| rma | 
Options Comments 


(S)IMM, (L)SIP Fast page mode cycle time=40/45/55 ns 
(S)IMM, (L)SIP Fast page mode with low power battery backup 
(S)IMM, (L)SIP Nibble mode access time=35/35/40 ns 

Static column mode cycle time=40/45/55 ns 


DRAM MODULES (Contact DRAM Marketing 


Sy | organ Motorola Address Operating ein 

Organi- Part Access Time Current 

Densit zation Number ns Max mA Max 
70/80/100 640/560/480 30 
70/80/100 640/560/480 30 
70/80/100 640/560/480 30 
70/80/100 640/560/480 30 
























































8M MCM91000 70/80/100 720/630/540 30 |(S)IMM, (L)SIP, SG (gold)|Fast page mode cycle time=40/45/55 ns 
w/Parity MCM9L1000 {| 70/80/100 720/630/540 30 {(S)IMM, (L)SIP, SG (gold)|Fast page mode with low power battery backup 
MCM91001 70/80/100 720/630/540 30 j(S)IMM, (L)SIP Nibble mode access time=35/35/40 ns 
MCM91 720/630/540 30 Static column mode cycle time=40/45/55 ns 





002 70/80/100 S)IMM, (L)SIP 
MCM8L4256_ | 70/80/100 160/140/120 S)iIMM Fast page mode with low power battery backup 
w/Parit MCMSL4256_| 70/80/100 240/210/190 S)IMM Fast page mode with low power battery backup 
|_iMx4__|MCM41000_| 80/100 _ |  _280/240_—s|_ 26 =|(Z)IMM_— Fast page mode cycle time=40/45/55_ns 
|__4Mxi_|MCM11400_| 80/100_| 90/80 


a 3s 

MCM84000 80/100 800/680 (S)IMM Fast page mode cycle time=50/60 ns 

MCM9L4000 80/100 900/765 S)IMM Fast page mode cycle time=50/60 ns 
| _8M_w/Parity | 256Kx36 |MCM36256__| _70/80/100 |_960/840/760_| 72 _|(S)IMM, SG (gold) __—|[Fast_page mode cycle time=40/45/55 ns 
1920/1680/1520 



















| 32M_w/Parity |_1Mx36_[MCM36100_| _80/100__| __1144/984 | 
| 64M _w/Parity | 2Mx36_}MCM36200_| 80/100 | _1120/960__ 
|_8M_w/Parity | 256Kx40 |MCM40256"_| 70/80/100 | _800/700/600__ 
(S)IMM, SG (gold)__—|Same_as_ MCM36xxx, for_error correction applications _| 
| 32M_w/Parity | 1Mx40_|MCM40100"_| 80/100 | _1050/900__ 
| 64M_w/Parity | 2Mx40_|MCM40200° | 80/100 | 1070/920__ 


"To be introduced. 





Package Information: P=26 pin, 300 mil, plastic dual-in-line package S=30 pad single-in-line memory module, or 
J=26 pin, 300 mil, plastic small outline "J" lead package 72 pad single-in-line memory module 
Z=20 pin, 300 mil, plastic zig-zag In-line package, L=30 pin single-in-line memory module 


or 26 pin zig-zag in-line memory module SG=30 pad single-in-line memory module with gold pac 
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DUAL PORT VIDEO RAMs 


. Motorola Address | Operating 
zation Number ns Max mA Max Options 

| TM | 286d Mc Msadaseh 1 190/t20 1 i 4o/iso | _28, 28 1216, Sl) ———__ Dual port VRAM with 512x4 SAM port, ta=25/35 ns 

Dual port VRAM with 256x8 SAM port, ta=25/35 ns 
GENERAL STATIC RAMs (HCMOS unless otherwise noted 
: Motorola Address Operating 
Organi- 
Densit zation 
| 16K 


Part Access Time Current 
s Max Max 
| __2Kx8___ |MCM2018AN 35/45/55 


Number n mA 
MCM60256A 85/100/120 
MCM60L256A 70/85/100/120 
MCM6OL256A-C_| 100 ~~ «| ~=70_ —s=FDl 
| 




















































MOS. Replaces TMM2019D, MCM2016HN, MCM2018N 


Packaging , Comments . | 
[300 mil, (P)DIP___——s|NMOS. a 
(P)DIP,(F)SOG _|industrial temperature range (-40° to +85°C), low power 


| 24 | 
| 28 | 
| 28 
| 28 | 
| 28 |(P)DIP,(F)ISOG Extended temperature range (-—40° to +105°C), low power 
es 
[| 32 








IMCM6OL256A-V__| 100 
IMcMs18i28_— | 100 
IMcMsi8i29 | 100 

70/60 


Package Information: P=28 & 32 pin, 600 mil, plastic dual-in-line package 
F=28 pin, 330 mil, plastic small outline gullwing package or, 
32 pin, 450 mil, plastic small outline gullwing package 





(P)DIP, (F)&(SF)SOG [Built-in refresh, CE1 & CE2 

(F)ISOG ———sdBuiilt-in refresh, CE & CS 

(P)DIP, (F)&(SF)SOG {200 A standby current, built-in refresh, CE1 & CE2 
(FSOG ————=«200_ pA standby current, built-in refresh, CE & CS 
(PDIP, (F)&(SF)SOG _]200 pA standby current, built-in refresh, CE1 & CE2 


(F}SOG ~———__ |200 yA standby current. built-in refresh, CE & CS 


SF=32 pin, 330 mil, plastic small outline gullwing package 


128Kx8 
Pseudo 
SRAM 











NM 














FAST STATIC RAMs (70 ns or Faster 


Motorola . Address/ Operating 
Organi- Part Packaging Cycle Time Current Tech- 
zation Number Package Width in mils ns Max mA_max) _ nolog 
| 24 


300 PDIP 45/55 85 
| 20 {300 PDIP 20/25/35/45/55] 110/110/110/80/80_| 
| 20 {300 PDIP | 20/25/35 | Fast Chip Select access time=10/12/15 ns. 
[24/22 |300 SOWPDIP_ | 20/25/35 | 10 
| 28 |300/400 SOW/300 PDIP__| 35/45/55 | 1000/90/80 
| 28 300/400 SOW/300 PDIP | 20/25 | 115/110 


|_NVOS 
| HCMOS | 
| HCMOS | 
| HCMOS | 
8Kx8 | HCMOS | 
| HCMOS | 
| 28 |300 POIPSOJ | SCT OCHS 
| 28 [300/400 SOW/300 PDIP__| _35/45/55 | _—100/90/80___ | HCMOS |Industrial_temperature range, -40° to 85°C. 
Cj 28 | : | HCMOS | 
| HCMOS | 
| HCMOS | 
| HCMOS | 
| HCMOS | 
| HEMOS | 
_HCMOS | 
| | HCMOS | 



















SILfSlSlSlSlSlislSjslSlSlSisisislsisis 
eieleisieisisisisiieisisieisis|sia(s 
SlS/Flslalslalals Fafa kaka ba kaka Raps 
313/18 /3]3]3/3]3 | 313131313 S13 /S13 (S12 
alo AID{INIO lala bd & HIOTOlDMIa 
(@) oOJO Oo > 

(@) 


12 ns devices have Output Enable=6 ns max. 
Mainframe applications, can also be used for parity bit. 


00/400 SOJ/300 PDIP 25/30 115/110 industrial temperature range, —40° to 85°C. 
| 64Kx1_ | 
Two chip control functions: Chip Enable and Output Enable. 


3 

M6264C__| 28 300 PDIP/SOJ | 20 KO 

| 28 {300 SOWPDIP_ | 15/20/25 | 140/130/120 

| 22 {300 PDIP sd 1.2/1 5/20/25/35] 1 50/1 40/1 20/1 20/110] 

| 24 |300 SOWPDIP 1.2/1 5/20/25/35] 150/1 40/1 20/1 20/110) 

64Kx1 

| 28 {400 SOJ/600 PDIP | 30/35/45 ff 130/125/115 

| 28 |300-SOW/PDIP_ 1. 7/20/25/35 | 155/150/140/135 | HCMOS |17 ns with full 10% power supply, 

| 28 [300 SOJ/PDIP | 25/35/45 | 140/135/130___ 

| 28 |300SOJ 0/12/15 180/170/160 | BICMOS |New, Motorola BICMOS. 

aed = 
| 32 





300 SOJ/PDIP 17/20/25/35 155/150/140/135 | HCMOS lideal for applications requiri it 
300 SOJ/PDIP 25/35/45 140/135/130 | HCMOS | 





MCM6205C 
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FAST STATIC RAMs (70 ns or Faster —_ 


Motorola | Address/ Operating 
Organi- Part Pin Packaging | Cycle Time Current Tech- 
zation Number Count | (Package Width in mils ns Max mA max) nolog Comments 


| 64Kx4_|MCMe709__| 28 |300SOJ 10/12/15 
P 256Kx1 |MCM6207___| 24 |300 SOJ/PDIP  ——séd| ~='15/20/25 | ~—S150/140/130_ __ | HCMOS|15 ns 256K with separate 0. 
| 128Kx8 [MCM6226_ | 32 [400 SOWPDIP_ | 25/30 | 150/140 | CMOS |1M fast static RAM. 
| HOMOS [1M fast static RAM. 


| 256Kx4 [McM6228_ [28 [400 SO/PDIP, CE 25/30 45/135 | 
FAST STATIC RAM MODULES 


Motorola 
Organi- Part Pin Tech- 
zation Number Count Packaging nolog Comments 


64Kx32 _|MCM3264Z p64 ZIP, =S—C—“C*sC*édS:C#20/25/30_ | 1.200/1120/1040]  HHCMOSS [Perfect for 32-bit system, JEDEC standard. 
256Kx8 _|MCM8256Z | 60 SdZIPS—~—“‘SCS*SL «20/25/30 =| 1200/1120/1040] | HCMOS _|JEDEC standard module, faster speeds possible. 
P58 ZIP 22/27 1680/1560 | ~~ HCMOS__ | Two banks of x24 memory. 


MCM2464Z 























Operating 
Current 


Address/ 
Cycle Time 


2x64Kx24 








APPLICATION SPECIFIC STATIC RAMs 


| Motorola Address/ Operating 
Organi- Part P Cycle Time Current Tech- 
Description zation Number Count Packaging ns Max mA_max nolog Comments 



















Cache TagRAM | 4Kx4 —{MCM4180 24/22 {300 mil SOJ/PDIP] 18/20/25 | 140 {| HCMOS [Fully compatible with Mostek MK41H80. 


Cache Tag RAM 4Kx4 MCM62350 300 mil SOJ/PDIP}] 18/20/25 140 Housekeeping bits function, active pull-up match output. Flash 
with Status Bit clearable. 


MCM62351 300_mil SOJ/PDIP] 18/20/25 | 140 _| HCMOS |Housekeeping bits function, open drain match output. Flash clearable. 
P 














Registers 
Synchronous 
Static RAM 





16Kx4 [MCM6293. | 28 {300 mil SOJ/PDI 20/25 | 140 __| HOMOS [Registered outputs for fully pipelined applications, separate I/O's. 
MCM6294___- | ~=—«28-—s«[300 mil SOU/PDIP} 20/25 | 140 ~~ | HCMOS [Registered outputs plus output enable, separate I/O's. 
ae P 
P28 





}300 mil SOJ/PDIP} 25/30 | 140 | HCMOS |Transparent outputs plus output enable, separate |/O's. 
| 300 mil SOJ_ | 15/20 | 170 _|_HCMOS |Large cache memory for RISC and CISC systems. 
_{McM62982_ | 28 | 300 mil SOJ [ 12/15 [| 170 ‘| HOMOS [Registered outputs for two stage pipeline. 
|_16Kx16_|MCM62990_ | 52 | PLCC | 17/20 ~| 360 _—| HCMOS [Designed for advanced RISC-CISC cache applications, 
4x64Kx1 |[MCM62981__| 32 | 300 milSOu [15/20 [| 170 «| HOMOS [Cache memory parity RAM. 
a ImcM62983_| 32 | 300 mil SOS [| 12/15 | 170/130 | HCMOS [Registered outputs, cache memory parity RAM. 
| _4Kx10_|MCMe2963_| 44 | PLCC | 18/20/25 | 170 —«| HCMOS [Same functionality as MCM6293. 
4Kx12 |MCM62973_ | 44 { Picco 48/20/25 | 170 _—~«| HCMOS [Same functionality as MCM6293._ 
Moweeer {| _44 __ Bigg 18/20/28 | _170___HGMES [Same ‘unetenaity as MGME2¢4 
IMcM62975_ | 44 |  picc. | 25/30 | 170 ~_—«| HMOS [Same functionality as MCM6295. | 
32Kx9 |MCM62940_| 44 | PLCC | 19/24 ~| 250 [| HCMOS [Burst mode for 040 applications. = Ci‘“‘“‘(C;C*dr 

IMcM62950_ | 44 | PLCC | 20/25 | 250 =| HOMOS [Designed for advanced RISC-CISC cache applications, 

IMCM62960__ | 44 | PLCC __{ 17/20/25 { 180 _| HCMOS [Designed for SPARC™ applications. Functionally equivalent to CY7C157. 

IMcM62486_ | 44 |) picC | 19/24 | 250 | HOMO [Burst _mode for 486 applications. 

IMCM621i0_| 52 | PLCC. | 15/20 | ~~ ~=250 «| HoMOS [Dual WO's for 88110. 
IDSPRAM__—s| 8Kx24_ |MCMS56824_ | 52 | PLCC | 25/30/35 | 250/210/180| HOMOS [Designed for DSP56001 applications. = CC—“‘“CS™*SC*d 
Sra | exsue Joneses [6 ——Alce | 17120/25 | 860" HAMES osPicoo menoy apleains Can bed We ay wyrENaTOS 
SRAM 


16Kx16 [MCM62995 PLCC 17/20/25 360 DSP96000 memory applications. Can be used like any asynchronous 
SRAM, samples available now. 


ELECTRICALLY ERASABLE PROGRAMMABLE READ ONLY MEMORY 


in 
24 
24 
28 
28 
28 
28 
28 



















Motorola Address Operating | | 
Organi- | Part Access Time Current 
zation Number ns Max mA Max Packaging Comments 
(8.8 ps 


| 2K __—{ _ 256Kx8 |MCM2814P__ 


Package Information: P=8 pin, 300 mil 


_{ 10 | 8 __|(P)DIP [2 or 4 wire serial access, data protection after reset. 
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MOTOROLA 
1Mx1 


MCM511000A 
MCM511001A 
MCM511002A 
MCM514256A 
MCM514258A 


1Mx4 
MCM514400 

4Mx4 
MCM514100 


MOTOROLA 
256Kx8 


MCM84256 
MCM8L4256 


256Kx9 


MCM94256 
MCM9L4256 


1Mx8 


MCM81000S 
MCM8L1000S 
MCM81001S 
MCM81002S 


1Mx9 


MCM91000S 
MCM9L1000S 
MCM91001S 
MCM91002S 


256Kx36 
MCM36256 
512Kx36 
MCM36512 
4Mx8 


MCM84000 
MCM8&L4000 


4Mx9 


MCM94000 
MCM9L4000 


FUJITSU 
1Mx1 


MB81C1000 
MB81C1001 
MB81C1003 
MB81C4256 
MB81C4258 


1Mx4 
MB814400 

4Mx4 
MB814100 


FUJITSU 
256Kx8 


256Kx9 
MB85240 


1Mx8 
MB85230 


MB85231 


1Mx9 
MB85235 


MB85237 
256Kx36 


512Kx36 


4Mx8 


4Mx9 


HITACHI 
1Mx1 


HM511000 
HM511001 
HM511002 
HM514256 
HM514258 


1Mx4 
HM514400 
4Mx4 
HM514100 


HITACHI 
256Kx8 
HB56D25608 


256Kx9 
HB56D25609 


1Mx8 
HB56A18 


1IMx9 
HB56A19 


256Kx36 


HB56D25636B 


512Kx36 


HB56D51236B 


4Mx8 
HB56A48 


4Mx9 
HB56A49 


INTEL 
1Mx1 
P21010 


P21014 


1Mx4 


4Mx4 
T21040 


INTEL 
256Kx8 


256Kx9 


1Mx8 


SM2101910 


1Mx9 


256Kx36 


512Kx36 


4Mx8 


4Mx9 


DYNAMIC RAMs 


MICRON 
1Mxt1 


MT4C1024 
MT4C1025 
MT4C1026 
MT4C4256 
MT4C4258 


1Mx4 
MT4C4001 

4Mx4 
MT4C1004 


MITSUBISHI 
1Mx1 


M5M41000 
M5M41001 
M5M41002 
M5M44256A 
M5M44258A 


1Mx4 
M5M44400 

4Mx4 
M5M44100 


NEC 
1Mx1 


uPD421000 
uPD421001 
uPD421002 
uPD424256 
uPD424258 


1Mx4 
uPD424400 

4Mx4 
uPD424100 


DYNAMIC RAM MODULES 


MICRON 
256Kx8 
MT8C8256 


256Kx9 
MT8C9256 


1M>x8 
MT8C8024 


MT8C8025 
MT8C8026 


1Mx9 
MT8C9024 


MT8C9025 
MT8C9026 


256Kx36 
MT8C36256 
512Kx36 
MT8C36512 
4Mx8s 


4M>9 


MITSUBISHI 
256Kx8 
MH25608B 


256Kx9 
MH25609B 


1Mx8 
MH1MO8Bo 


MH1M08B1 
MH1MO08B2 


1Mx<9 
MH1MO9B0 


MH1MO09B1 
MH1MO9B2 


256Kx36 
MH25636BJ 
512Kx36 
MH51236BJ 
4Mx8 


4Mx9 
MH4Mo090J 


NEC 
256Kx8 
MC-41256A8 


256Kx9 
MC-41256A8 


1Mx8 
MC-421000A8 


MC-421000B8 
MC-421000C8 


1Mx9 
MC-421000A9 


MC-421000B9 
MC-421000C9 


256Kx36 


512Kx36 


4Mx8 


4Mx9 


OKI 
1Mx1 


MSM511000 
MSM511001 
MSM511002 
MSM514256 
MSM514258 


1Mx4 


4Mx4 


OKI 
256Kx8 


MSC2304_S8 


256Kx9 


MSC2304_S9 


1Mx8 


MSC2313_S8 


1Mx9 


MSC2312_S9 


256Kx36 


512Kx36 


4Mx8 


4Mx9 


MSC2340_YS9 


SAMSUNG 
1Mx1 


KM41C1000 
KM41C1001 
KM41C1002 
KM44C256 
KM44C258 


1Mx4 
KM44C1000 

4Mx4 
KM41C4000 


SAMSUNG 
256Kx8 


256Kx9 


1Mx8 
KMM581000 


1Mx9 
KMM591000 


256Kx36 


512Kx36 


4Mx8 


4Mx9 


Ti 
1Mx1 


TMS4C1024 
TMS4C1025 
TMS4C1027 
TMS44C256 


1Mx4 


4Mx4 


Ti 
256Kx8 
TM4256_8 


256Kx9 
TM4256_9 


1Mx8 
TM024GAD8 


1Mx9 
TM024EAD9 


256Kx36 


512Kx36 


4Mx8 


4Mx9 


TOSHIBA 
1Mx1 


TC511000A 
TC511001A 
TC511002A 
TC514256A 
TC514258A 


1Mx4 
TC514400 

4Mx4 
TC514100 


TOSHIBA 
256Kx8 


256Kx9 


1Mx8 
THM81000 


1Mx9 
THM91000 


256Kx36 
THM362500 
512Kx36 
THM3651 20 
4Mx8 


4Mx9 


O 
a 
Oo 
~” 
” 
» 
m 
TI 
mi 
a 
m 
2 
O 
mi 








SL 
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©) 
a 
FAST STATIC RAMs ° 
MOTOROLA ®* IDT CYPRESS MICRON PERFORMANCE HITACHI FUJITSU TOSHIBA MITSUBISHI SONY ” 
4Kx4 4Kx4 4Kx4 4Kx4 4Kx4 4Kx4 4Kx4 AKx4 4Kx4 4Kx4 a 
MCM6268P20 IDT6168SA20P CY7C168A-20PC MT5C1604-20 P4C168-20PC 
MCM6268P25 IDT6168SA25P CY7C168A-25PC MT5C1604-25 P4C168-25PC HM6268P-25 MB81C68A-25P ri 
MCM6269P20 CY7C169A-20PC ~P4C169-20PC xy 
MCM6269P25 CY7C169A-25PC P4C169-25PC MB81C69A-25P m 
MCM6270J20 IDT61970S20Y CY7C170A-20VC MT5C1605DJ-20 2 
MCM6270J25 IDT61970S25Y CY7C170A-25VC MT5C1605DJ-25 oe) 
MCM6270P20 IDT61970S20P CY7C170A-20PC MT5C1605-20 P4C170-20PC rr 
MCM6270P25 IDT61970S25P CY7C170A-25PC MT5C1605-25 P4C170-25PC 
8Kx8 8Kx8 8Kx8 8Kx8 8Kx8 8Kx8 8Kx8 8Kx8 8Kx8 8Kx8 
MCM6264NJ15* CY7C185-15VC MT5C6408DJ-15 TC5588J-15 CXK5863AJ15 
MCM6264NJ20* IDT7164S20Y CY7C185-20VC MT5C6408DJ-20 P4C164-20JC TC5588J-20 CXK5863AJ20 
MCM6264NJ25* {[DT7164S25Y CY7C185-25VC MT5C6408DJ-25 P4C164-25JC TC5588J-25 CXK5863J25/AJ25 
MCM6264P15* CY7C185-15PC MT5C6408-15 TC5588P-15 CXK5863AP15 
MCM6264P20* IDT7164S20P CY7C185-20PC MT5C6408-20 P4C164-20PC TC5588P-20 CXK5863AP20 
MCM6264P25* IDT7164S25P CY7C185-25PC MT5C6408-25 P4C0164-25PC TC5588P-25 CXK5863P25/AP25 
— 8Kx9 8Kx9 8Kx9 8Kx9 8Kx9 8Kx9 8Kx9 8Kx9 8Kx9 8Kx9 
MCM6265J15 MB82B79-15PJ TC5589J-15 
MCM6265J20 P4C0163-20JC MB82B79-20PJ TC5589J-20 M5M179P-35 
MCM6265P15 TC5589P-15 
MCM6265P20 P4C163-20PC TC5589P-20 
16Kx4 16Kx4 16Kx4 16Kx4 - 16Kx4 16Kx4 16Kx4 16Kx4 16Kx4 16Kx4 
MCM6288P12 CY7C164-12PC MT5C6404-12 P4C188-12PC HM6788HP-12 
MCM6288P15 IDT7188S15P CY7C164-15PC MT5C6404-15 P4C188-15PC HM6788HP-15 TC55416P-15H M5M5188BP-15 CXK5464AP15 
MCM6288P20 IDT7188S20P CY7C164-20PC MT5C6404-20 P4C188-20PC HM6788HP-20 TC55416P-20/P-20H M5M5188BP-20 CXK5464AP20 
MCM6288P25 IDT71 88S25P CY7C164-25PC MT5C6404-25 . P4C188-25PC HM6788P-25 MB81C74-25P TC55416P-25 M5M5188AP-25 CXK5464AP25 
MCM6290J12 CY7C166-12VC MT5C6405DJ-12 P4C198-12JC HM6789HJP-12 
MCM6290J15 IDT6198S15Y CY7C166-15VC MT5C6405DJ-15 P4C198-15JC HM6789HUJP-15 TC55417J-15H M5M5189BJ-15 CXK5465J15 
MCM6290J20 IDT6198S20Y CY7C166-20VC MT5C6405DJ-20 P4C198-20JC HM6789HJP-20 TC55417J-20/J-20H M5M5189BJ-20 CXK5465J20 
MCM6290J25 IDT6198S25Y CY7C166-25VC MT5C6405DJ-25 P4C198-25JC HM6789JP-25 MB81C75-25PJ 1C55417J-25 M5M5189AJ-25 CXK5465J25 
MCM6290P12 CY7C166-12PC MT5C6405-12 P4C198-12PC HM6789HP-12 
MCM6290P15 IDT6198S15P CY7C166-15PC MT5C6405-15 P4C198-15PC HM6789HP-15 TC55417P-15 M5M5189BP-15 CXK5465P15 
MCM6290P20 IDT6198S20P CY7C166-20PC MT5C6405-20 P4C198-20PC HM6789HP-20 TC55417P-20/P-20H M5M5189BP-20 CXK5465P20 
MCM6290P25 IDT6198S25P CY7C166-25PC MT15C6405-25 P4C198-25PC HM6789P-25 MB81C75-25P TC55417P-25 M5M5189AP-25 CXK5465P25 
64Kx1 64Kx1 64Kx1 64Kx1 64Kx1 64Kx1 64Kx1 64Kx1 64Kx1 64K~x1 
MCM6287J12 MT5C6401DJ-12 P4C187-12JC HM6787HUJP-12 
MCM6287J15 IDT7187S15Y CY7C187-15VC  MT5C6401DJ-15 P4C187-15JC ~ HM6787HJP-15 M5M5187BJ-15 CXK5164J15 
MCM6287J20 IDT7187S20Y CY7C187-20VC  MT5C6401DJ-20 P4C187-20JC HM6787HJP-20 M5M5187BJ-20 CXK5164J20 
MCM6287J25 IDT7187S25Y CY7C187-25VC  MT5C6401DJ-25 P4C187-25JC HM6787JP-25 MB81C71A-25PJ M5M518JAJ-25 CXK5164J25 
MCM6287P12 MT5C6401-12 P4C187-12PC HM6787HP-12 
MCM6287P15 IDT7187S15P CY7C187-15PC MT5C6401-15 P4C187-15PC HM6787HP-15 M5M5187BP-15 CXK5164P15 
MCM6287P20 IDT7187S20P CY7C187-20PC MT5C6401-20 P4C187-20PC HM6787HP-20 M5M5187BP-20 CXK5164P20 
MCM6287P25 IDT7187S25P CY7C187-25PC MT5C6401-25 P4C187-25PC HM6787HP-25 MB81C71A-25P M5M518JAP-25 CXK5164P25 


* P = 300 mil PDIP, J = 300 mil SOJ, unless otherwise noted 


*MCM6264: NJ = 300 mil SOU, J = 400 mil SOJ, P = 300 mil PDIP, WP = 600 mil PDIP 
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* P = 300 mil PDIP, J = 300 mil SOuJ, unless otherwise noted 
**MCM6206: NJ = 300 mil SOJ, J = 400 mil SOJ, NP = 300 mil PDIP, P = 600 mil PDIP 


FAST STATIC RAMs (Continued) 





SONY 
32Kx8 


CXK58255AJ25 


CXK58255AP25 


32Kx9 


64Kx4 


256Kx1 


MOTOROLA®* IDT CYPRESS MICRON PERFORMANCE HITACHI FUJITSU TOSHIBA MITSUBISHI 

32Kx8 32Kx8 32Kx8 32Kx8 32Kx8 32Kx8 32Kx8 32Kx8 32Kx8 
MCM6206NJ20** IDT71256S20P CY7C199-20 MT5C2568DJ-20 P4C1256-20JC TC55328J-20 
MCM6206NJ25** 9 1DT71256S25P MT5C2568DJ-25 P4C1256-25JC HM6787JP-25 MB8289-25 TC55328J-25 
MCM6206NP20** !DT71256S20P CY7C198-20 P4C1256-20PC TC55328P-20 
MCM6206NP25** = IDT71256S25P MT5C2568-25 P4C1256-25PC HM6787P-25 MB81C71A-25 TC55328P-25 
MCM6706J12 71B256S12Y 
MCM6706J15 71B256S15Y 
MCM6706P12 71B256S12P 
MCM6706P15 71B256S15P 

32Kx9 32Kx9 32Kx9 32Kx9 32Kx9 32Kx9 32Kx9 32Kx9 32Kx9 
MCM6205N20 TC55329J-20 
MCM6205NJ25 IDT71259S25Y 
MCM6205NP20 TC55329P-20 
MCM6205NP25 = IDT71259S25P MB8289-25 

64Kx4 64Kx4 64Kx4 64Kx4 64Kx4 64Kx4 64Kx4 64Kx4 64Kx4 
MCM6208J15 MSM5258BJ-15 
MCM6208J20 IDT71258S20Y MT5C2564DJ-20 P4C1258-20JC HM6708JP-20 TC55464J-20 M5M5258BJ-20 
MCM6208J25 IDT71258S25Y CY7C194-25VC MT5C2564DJ-25 P4C1258-25JC HM6708JP-25 TC55464J-25 M5M5258AJ-25 
MCM6208P15 MSM5258BP-15 
MCM6208P20 IDT71258S20P MT5C2564-20 P4C1258-20PC HM6708P-20 TC55464P-20 M5M5258BP-20 
MCM6208P25 IDT71258S25P CY7C194-25PC MT5C2564-25 P4C1258-25PC HM6708P-25 TC55464P-25 M5MS5258AP-25 
MCM6708P10 
MCM6708P12 IDT71B258S12P 
MCM6708J10 
MCM6708J12 IDT71B258S12Y 
MCM6708P10 . 
MCM6708P12 IDT61B928S12P 
MCM6709J10 
MCM6709J12 IDT61B928S12Y 
MCM6209J15 
MCM6209J20 IDT61298S20Y MT5C2565DJ-20 P4C1298-20JC TC55465J-20 
MCM6209J25 IDT61298S25Y CY7C196-25VC MT5C2565DJ-25 P4C1298-25JC TC55465J-25 
MCM6209P15 . 
MCM6209P20 IDT61298S20P MT5C 2565-20 P4C1298-20PC TC55465P-20 
MCM6209P25 IDT61298S25P CY7C196-25PC MT5C2565-25 P4C1298-25PC TC55465P-25 

256Kx1 256Kx1 256Kx1 256Kx1 256Kx1 256Kx1 256Kx1 256Kx1 256Kx1 

MCM6207J15 
MCM6207J20 IDT712575S20Y MT5C2561DJ-20 P4C1257-20JC HM6707JP-20 
MCM6207J25 IDT712575S25Y MT5C2561DJ-25 P4C1257-25JC HM6707JP-25 M5M5260AJ-25 
MCM6207P15 M5M5257BP-15 
MCM6207P20 IDT712575S20P CY7C197-20PC MT5C2561-20 P4C1257-20PC HM6707P-20 M5M5257BP-20 
MCM6207P25 IDT712575S25P 9 CY7C197-25PC MT5C2561-25 P4C1257-25PC HM6707P-25 M5M5257AP-25 


JON3Y4349yH SSOUD 








CROSS REFERENCE 


FAST STATIC RAM 
APPLICATION SPECIFIC MEMORIES 


MOTOROLA ® IDT SGS SARATOGA 
4Kx4 CACHE TAG COMPARATORS 

MCM4180J,P IDT6178SY,SP _ -MK41H80N SSL4180PC 
16Kx4 SYNCHRONOUS 

MCM6293J,P IDT61593SY,SP SSM7193J,P 

MCM6294J,P IDT61594SY,SP SSM7194J,P 

MCM6295J,P IDT61595S25Y,P SSM7195J,P 


* P = 300 mil PDIP, J = 300 mil SOU 


FAST STATIC RAM 


MODULES 

MOTOROLA *® CYPRESS HITACHI 
64Kx32 

MCM3264-20 

MCM3264-25 CYM1831-25 

MCM3264-30 CYM1831-30 
256Kx8 

MCM8256-20 

MCM8256-25 CYM1441-25 HB66A2568A-25 

MCM8256-30 


* P = 300 mil PDIP, J = 300 mil SOU 





MOTOROLA MEMORY DATA 


1-10 


CMOS Dynamic RAMs 2 


MOTOROLA MEMORY DATA 


2-1 


































1M fet 70/80/100 80/70/60 18, 20, 20/26 |(P)DIP, (Z)IP, SO(J) 
70/80/100 80/70/60 18, 2 Z)IP, SO(J 

MCM514400 80/100 105/90 20, 20/26 |(Z)IP, SO(J) 

MCM51L4400 80/100 105/90 20, 20/26 |(Z)IP, SO(J) 


DYNAMIC RAMs (HCMOS | | 
Motorola Address Operating 
Organi- Part Access Time Current Package 
zation Number ns Max) mA Max Options 
70/80/100 80/70/60 18, 20, 20/26 |(P)DIP, (Z)IP, SO(J) 
70/80/100 80/70/60 18, 20, 20/26 |(P)DIP, (Z)IP, SO(J) 
256Kx4 |MCM514256A 70/80/100 80/70/60 20, 20, 20/26 |(P)DIP, (Z)IP, SO(J) 
MCM51L4256A | 70/80/100 | 80/70/60 20, 20, 20/26 |(P)DIP, (Z)IP, SO(J) 
MCM514258A 70/80/100 80/70/60 20, 20, 20/26 |(P)DIP, (Z)IP, SO(J 
eae ee 80/100 100/85 20, 20/26 {(Z)IP, SO(J) 
MCM51L4100 80/100 100/85 20, 20/26 Z)IP, SO(J 
MCM514410 


80/100 105/90 20, 20/26 Z)IP, SO(J 








MOTOROLA MEMORY DATA 


2-2 


MOTOROLA 


aa SEMICONDUCTOR 
TECHNICAL DATA 


1M x1 CMOS Dynamic RAM 
Page Mode 


The MCM511000A is a 1.01 CMOS high-speed, dynamic random access memory. It is 
organized as 1,048,576 one-bit words and fabricated with CMOS silicon-gate process 
technology. Advanced circuit design and fine line processing provide high performance, 
improved reliability, and low cost. 

The MCM511000A requires only 10 address lines; row and column address inputs are 
multiplexed. The device is packaged in a standard 300-mil dual-in-line plastic package 
(DIP), a 300-mil SOJ plastic package, and a 100-mil zig-zag in-line plastic package (ZIP). 


Three-State Data Output 
Common {/O with Early Write 
Fast Page Mode 
Test Mode 
TTL-Compatible inputs and Output 
RAS Only Refresh 
CAS Before RAS Refresh 
Hidden Refresh 
512 Cycle Refresh: MCM511000A = 8 ms 
MCM51L1000A = 64 ms 
Unlatched Data Out at Cycle End Allows Two Dimensional Chip Selection 
Fast Access Time (tRAC): 
MCM511000A-70 and MCM51L1000A-70 = 70 ns (Max) 
MCM511000A-80 and MCM51L1000A-80 = 80 ns (Max) 
MCM511000A-10 and MCM51L1000A-10 = 100 ns (Max) 
@ Low Active Power Dissipation: 
MCM511000A-70 and MCM51L1000A-70 = 440 mW (Max) 
MCM511000A-80 and MCM51L1000A-80 = 385 mW (Max) 
MCM511000A-10 and MCM51L1000A-10 = 330 mW (Max) 
@ Low Standby Power Dissipation: 
MCM511000A and MCM51L1000A = 11 mW (Max, TTL Levels) 
MCM511000A = 5.5 mW (Max, CMOS Levels) 
MCM51L1000A = 1.1 mW (Max, CMOS Levels) 


SMALL OUTLINE 





DUAL-IN-LINE 





PIN 
ASSIGNMENT 





MOTOROLA MEMORY DATA 


2-3 





NMICM511000A 
MCM51L1000A 


P PACKAGE 
300 MIL PLASTIC 
CASE 707A 


J PACKAGE 
300 MIL SOJ 
CASE 822 


EC Z PACKAGE 


ZIG-ZAG IN-LINE 
CASE 836 


Address Input 
Data Input 

Data Output 
Read/Write Enable 


Test Function Enable 
No Connection 





MCM511000A °MCM51L1000A 


BLOCK DIAGRAM 


l= 












CAS : DATA IN D 
BUFFER 
TF DATA OUT 0 
a= BUFFER 
—P) COLUMN 3 
TR) eames 
<p BUFFERS (10) COLUMN 
. f DECODER 
A2 SENSE AMP 
A3 110 GATING 
a4 REFRESH 
AS COUNTER (9) 2048 
AG ig) ee @ 
A7 
ROW 
As appress |_| || 
Ag BUFFERS (10 ec data pio 
(10) zi . DECODER ARRAY 
__ #1 CLOCK J} 
RAS GENERATOR SUBSTRATE BIAS Voc 
GENERATOR Vsg 


ABSOLUTE MAXIMUM RATINGS (See Note) © 


PC iRatng | Symbot | Value | Unit] 
[Data Out Current ——SSSS~wCite | 
[Power Disipation ————SSSCS~S PO 


NOTE: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are 
exceeded. Functional operation should be restricted to RECOMMENDED OPER- 
ATING CONDITIONS. Exposure to higher than recommended voltages for extended 
periods of time could affect device reliability. 


This device contains circuitry to protect the 
inputs against damage due to high static 
voltages or electric fields; however, it is ad- 
vised that normal precautions be taken to 
avoid application of any voltage higher than 
maximum rated voltages to this high-imped- 
ance circuit. 



















MOTOROLA MEMORY DATA 
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MCM511000A¢MCM51L1000A 


DC OPERATING CONDITIONS AND CHARACTERISTICS 


(Vcc =5.0 V + 10%, Ta =0 to 70°C, Unless Otherwise Noted) 
RECOMMENDED OPERATING CONDITIONS 


[Parameter | Symbol | Min | Typ | Max | Unit | Notes | 
Supply Voltage (Operating Voltage Range) fr Veo | 45 [| 50 | 55 | V 


Coals High Votage, Alinpata———SCSSC~S—SsS~SsSS | ew PS dT 
Looks Low Vohags, Ainge SSSCSCSCSC—~drSCi SE to 
vu] -10 | - [ver] v [7 

























Test Function Input Low Voltage 

































SSS |8S8 





















TSS Rharactoriatio ——=SS~*~*~*~*~S*wY:CS yb |i | “Ma | Unit | Noten | 
MCM511000A-80 and MCM51L1000A-80, tac = 150 ns 
Vcc Power Supply Current During RAS only Refresh Cycles (CAS = Vj}4) Icc3 Pe: Pad 
MCM511000A-80 and MCM51L1000A-80, tpc = 45 ns 
MCM511000A-10 and MCM51L1000A-10, tro = 180 ns 
Input Leakage Current (TF) (0 V<Vin(TF) <Vcc + 0.5 V) ike —_| | pA 


Vcc Power Supply Current Icc1 mA 
80 
70 
MCM511000A-10 and MCM51L1000A-10, tac = 180 ns 60 
MCM511000A-70 and MCM51L1000A-70, tac = 130 ns 
Icc4 mA 
MCM511000A-10 and MCM51L1000A-10, tpc =55 ns 
-Vcec Power Supply Current, Battery Backup Mode—MCM51L1000A only 
Output Leakage Current (CAS = Vip, 0 VSVoyt<5.5 V) | pA | 
V 
V 


DC CHARACTERISTICS 
MCM511000A-70 and MCM51L1000A-70, tac = 130 ns 
[Voc Power Supply Current (Standby) (RAS=CAS=Vin) _—=—=S~S~dCsc =| «20m 
MCMB511000A-80 and MCM51L1000A-80, tac = 150 ns 
MCM511000A-70 and MCM51L1000A-70, tpc = 40 ns 
Vcc Power Supply Current (Standby) (RAS = CAS =Vcc-0.2 V) | MCMS511000A Se 2eer lt ae 
MCM51L1000A pA 
MCM511000A-80 and MCM51L1000A-80, tac = 150 ns 
(tac =125 ps; taag=1 us; CAS=CAS Before RAS Cycle or 0.2 V; A0-A9, W, 
[Input Leakage Current (Except TF(OVEVins65V) dg) | 10 | 10 | A 
Test Function Input Current (Vcc + 4.5 Vs Vin( TF) = 10.5 V) tite) | | mA | 
aad 


% 






7 







MCM511000A-10 and MCM51L1000A-10, tac = 180 ns 
Vcc Power Supply Current During Fast Page Mode Cycle (RAS = Vj,) 
Vcc Power Supply Current During CAS Before RAS Refresh Cycle ICcé6 mA 
MCM511000A-70 and MCM51L1000A-70, tac = 130 ns 80 
70 
60 
ICC7 pA 
D=Vcc — 0.2 V or 0.2 V) 
Output High Voltage (lo = — 5 mA) 
Output Low Voltage (lo, =4.2 mA) 









CAPACITANCE (f=1.0 MHz, Ta =25°C, Vcc =5 V, Periodically Sampled Rather Than 100% Tested) 


Parameter | Symbot_| 


Input Capacitance AO-A9, D Cin 
RAS, CAS, W, TF 
Output Capacitance (CAS = Vi} to Disable Output) Q 


NOTES: 
1. All voltages referenced to Vss. 
2. Current is a function of cycle rate and output loading; maximum current is measured at the fastest cycle rate with the output open. 
3. Measured with one address transition per page mode cycle. 
4. Capacitance measured with a Boonton Meter or effective capacitance calculated from the equation: C = IAt/AV. 


Re 
| 10 
eee 
ee ee 
a ee 
| Max | Unit | No 
a ae 
| 7 | oF 
Fae ae 


MOTOROLA MEMORY DATA 
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MCM511000A eMCM51L1000A 


AC OPERATING CONDITIONS AND CHARACTERISTICS 
(Vcc =5.0 V + 10%, TA =0 to 70°C, Unless Otherwise Noted) 





READ, WRITE, AND READ-WRITE CYCLES (See Notes 1, 2, 3, 4, and 5) 


| MCMB11000A-70 | MCM511000A-80 | MCM511000A-10 
| Parameter = MCMBIL.1000A-70| MCM651L1000A-80| MCM51L1000A-10 
Standard | Min | Mex | Min | Max | Min | Max_ 


Notes | 
Alternate me 
| wo | - [wm] 6 
[ReadWite Cycle Time _—~S~S~w eRe | we | 18] | — | 7 | — | 20 | - [me] 6 
Page Mode Cycle Time receice.| wc | | - | | - | & | —-[m| | 
[Page Mode Read'Write Cyclo Time | toeucer | wpawe | 6 | — | 70 | - | 0 | - [me] 
[Access Time fromRAS ————~—~S—~*twsv| trac | - | 70 | - | o0 | - | 10 [me] 78 
[Access Time fom CAS ———~-| tcerav| tcac | - | 2 | - | 2% | - | % [me|79_ 
[Access Time from Column Adsress | tavov | taa_|_- | 98 | - | «0 | - | 90 | me |7, 10 
[Access Time from Precharge CAS | tcenov| tcpa | _—- | 98 | - | #0 | - | 80 |r] 7 | 
[CAS to OuputintowzZ —————S~«d teu | cuz | 0 | - | 0 | - | 0 | - |m[7_ 
[Output Buffer and TurmOW Delay | tcenaz| torr | 0 | 2 | 0 | 2 | 0 | 20 [ve] 11 
Transition Time (Rise and Fal) | tr | | 3 | % | 3 | #0 | 3 | #0 [mm] 
[RAS Precharge Time _—~=S~*~*~S~«~ RE | tmp | 80 | - | oo | - | 7 | - [me] 

Taras | 70 | 10,000] 90 | 10,000| 100 | 10,000] ne] 


Cirsw | 20 | - | 2 | - | | - [mw] 
[ERSHodTime Ss wet ce | ecg | 70 | — | 2 | - | 10 | —- |r| | 
[EAS Puise wath ————————_‘[tceicen| tcas | 20 | 10,000] 20 | 10,000] 25 | 10,000| ne |_| 
[RAS to CAS DesyTime ———~—S~s tween | tcp | 20 | 0 | 20 | 0 | 2 | 7% [ns] 2 | 

































[Row Address Sowp Time __————_—+| tavaei | tasn | 0 | - | 0 | - [0 | -|[m| 
[Row Address Hold Time + tretax| tran | 0 | - | | - [6 | - [m| 
7 a = CS 
can | 16 | - | | - | | -|[m] | 
— 

a 









tRAL 





(continued) 


NOTES: 
1. Viz min and Vi, max are reference levels for measuring timing of input signals. Transition times are measured between Vint and Vii. 
2. An initial pause of 200 xs is required after power-up followed by 8 RAS cycles before proper device operation is guaranteed. 
3. The transition time specification applies for all input signals. In addition to meeting the transition rate specification, all input signals must 
transition between Viy and Vi, (or between Vi, and Viz) in a monotonic manner. 
4. AC measurements ty = 5.0 ns. 
5. TF pin must be at Vj, or open if not used. 
6. The specifications for trc (min) and trywc (min) are used only to indicate cycle time at which proper operation over the full temperature 
range (0°C <T,a <70°C) is assured. 
7. Measured with a current load equivalent to 2 TTL (—200 nA, +4 mA) loads and 100 pF with the data output trip points set at 
VOH =2.0 V and Vo, =0.8 V. 
8. Assumes that tpcp stRcp (max). 
9. Assumes that tpcp=trcp (max). 
10. Assumes that trap 2trRap (max). 
11. torr (max) defines the time at which the output achieves the open circuit condition and is not referenced to output voltage levels. 
12. Operation within the tacp (max) limit ensures that tpac (max) can be met. tncp (max) is specified as a reference point only; if taco is 
greater than the specified tacp (max) limit, then access time is controlled exclusively by tcac. 
13. Operation within the trap (max) limit ensures that trac (max) can be met. trap (max) is specified as a reference point only; if trap is 
greater than the specified thap (max), then access time is controlled exclusively by ta. 
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READ, WRITE, AND READ-WRITE CYCLES (Continued) 


MCM511000A-70 | MCM511000A-80 | MCM511000A-10 
Parameter u MCMB51L1000A-70| MCM51L1000A -80| MCM51L1000A-10| Unit Notes 


Standard|Aiornatel Min os 
ns | 
re | 
Tne 
Ps 













| Max | min | Max | min | Max | 
[Read Command Setup Time ss [twucet| trcs | 9 | - | 9 | -~ | Oo | = [ns] | 
[Read Command Hold Time Referenced to CAS [tcenwx| tracy | 0 | - | 0 | — | o | - [ns] 14 | 
[Read Command Hold Time Referenced to RAS |trenwx| tard | 0 | - | o | — | o | - |ns| 14 | 
[Write Command Hold Time Referenced to CAS | tcewH| twcH | 15 | - | 18 | - | 2 | - [ns] 
Write Command Hok! Tine Referenced t RAS | trewwm| twen | 6 | ~- |e | - |= | - [m| 
[Write Command Pulse Width | ww | twe | 18 | - | 1 | - | 2 | - | ns 
[Write Command to RAS Lead Time | twireH| trwe | 20 | — |. 2 | - [ 2 | - [ns] 
[Write Command to CAS Lead Time | twucen| tow. | 20 | — | 20 | — | 2 | ~ | ns] | 
[Data in SetupTime stove | tos | oO | —- | Oo | ~ | o | - |ns] 15 
[DatainHoldTime i tex | ton | 18 | — | 15 | — | 2 | - | ns/ 15 | 
[Bata in Hotd Tine Reforanced tO RAS [tneiox | tonn | 6 | - | 0 | - | 7% | - [m] 
Refresh Period MCM511000A| tryry | tRESH 8 8 8 

Write Command Setup Time | tween | twes | 9 | — | o [| - | o | ~ | ns] 16 _ 
CAS to Write Delay i tcc | town | 20 | - | 2 | - [| 2 | ~ | ns| 16 
RAS to Write Delay | tree | trwo | 70 | - | 9 | — | 100 | — |ns| 16 | 
[Column Address to Write Delay Time | tavwe |. tawn | 365 | - | 4 | - | 60 | — |ns| 16 | 
CAS Setup Time for CAS Before RAS Refresh | treice.| tcsh_ | 10 | — | 10 | — | 10 | — [ns] | 
[CAS Hold Time for CAS Before RAS Refresh |treiceH| tcur | 30 | - | 30 | - | 30 | - [ns] 
[CAS Precharge to CAS Active Time | trenceL| trpec | 9 | - | 0 | — | o | - [ns] | 
eee re 
Counter Test 

[CAS PrechargeTime teen] tcpn | 10 | - | to | - | 16 | — [ns] 


Test Mode Enable Setup Time Referenced to tTEHREL| tTES 
RAS 
Test Mode Enable Hold Time Referenced to tREHTEL| tTEHR 
RAS 
Test Mode Enable Hold Time Referenced to tCEHTEL| tTEHC 
CAS 


NOTES: 

14. Either thRH or tRcH must be satisfied for a read cycle. 

15. These parameters are referenced to CAS leading edge in random write cycles and to W leading edge in delayed write or read-write cycles. 

16. twcs. trwp. tcwp, and tawp are not restrictive operating parameters. They are included in the data sheet as electrical characteristics 
only; if twcos2=twcs (min), the cycle is an early write cycle and the data out pin will remain open circuit (high impedance) throughout 
the entire cycle; if tcwp2=tcwp (min), tnwp=trwp (min), and taywp2=tawp (min), the cycle is a read-write cycle and the data out 
will contain data read from the selected cell. If neither of these sets of conditions is satisfied, the condition of the data out (at access time) 
is indeterminate. 
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READ-WRITE CYCLE 
tawe —————_—_____—_ 
tRAS 
Vin — 


trp 
RAS 
Vit - 
tRSH 
tRCD tRWL tCPN 
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FAST PAGE MODE EARLY WRITE CYCLE 
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HIDDEN REFRESH CYCLE (READ) 
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AS BEFORE RAS REFRESH COUNTER TEST CYCLE 
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DEVICE INITIALIZATION 


On power-up an initial pause of 200 microseconds is required 
for the internal substrate generator to establish the correct 
bias voltage. This must be followed by a minimum of eight 
active cycles of the row address strobe (clock) to initialize all 
dynamic nodes within the RAM. During an extended inactive 
state (greater than 8 milliseconds with the device powered up), 
a wake up sequence of eight active cycles is necessary to 
assure proper operation. 


ADDRESSING THE RAM 


The ten address pins on the device are time multiplexed at 
the beginning of a memory cycle by two clocks, row address 
strobe (RAS) and column address strobe (CAS), into two sep- 
arate 10-bit address fields. A total of twenty address bits, ten 
rows and ten columns, will decode one of the 1,048,576 bit 
locations in the device. RAS active transition is followed by 
CAS active transition (active = Vj,, tRCD minimum) for all read 
or write cycles. The delay between RAS and CAS active tran- 
sitions, referred to as the multiplex window, gives a system 
designer flexibility in setting up the external addresses into the 
RAM. 

The external CAS signal is ignored until an internal RAS 
signal is available. This ‘gate’ feature on the external CAS 
clock enables the internal CAS line as soon as the row address 
hold time (tRAH) specification is met (and defines tacp min- 
imum). The multiplex window can be used to absorb skew 
delays in switching the address bus from row to column ad- 
dresses and in generating the CAS clock. 

There are two other variations in addressing the 1M RAM: 
RAS only refresh cycle and CAS before RAS refresh 
cycle. Both are discussed in separate sections that follow. 





READ CYCLE 


The DRAM may be read with four different cycles: ‘‘normal’’ 
random read cycle, page mode read cycle, read-write cycle, 
and page mode read-write cycle. The normal read cycle is 
outlined here, while the other cycles are discussed in separate 
sections. 

The normal read cycle begins as described in ADDRESS- 
ING THE RAM, with RAS and CAS active transitions latching 
the desired bit location. The write (W) input level must be high 
(ViH), tRCS (minimum) before the CAS active transition, to 
enable read mode. 

Both the RAS and CAS clocks trigger a sequence of events 
which are controlled by severa! delayed internal clocks. The 
internal clocks are linked in such a manner that the read access 
time of the device is independent of the address multiplex 
window. However, CAS must be active before or at trcp 
maximum to guarantee valid data out (Q) at tRac (access time 
from RAS active transition). If the tcp maximum is exceeded, 
read access time is determined by the CAS clock active tran- 
sition (tCAC). 

The RAS and CAS clocks must remain active for a minimum 
time of tRAS and tcas respectively, to complete the read 
cycle. W must remain n high throughout the cycle, and for time 
tRRH Or tRCH after RAS or CAS inactive transition, respec- 
tively, to maintain the data at that bit location. Once RAS 
transitions to inactive, it must remain inactive for a minimum 
time of trp to precharge the internal device circuitry for the 


next active cycle. Q is valid, but not latched, as long as the 
CAS clock is active. When the CAS clock transitions to in- 
active, the output will switch to High Z. 


WRITE CYCLE 


The user can write to the DRAM with any of four cycles; 
early write, late write, page mode early write, and page mode 
read-write. Early and late write modes are discussed here, while 
page mode write operations are covered in another section. 

A write cycle begins as described in ADDRESSING THE 
RAM. Write mode is enabled by the transition of W to active 
(VjL). Early and late write modes are distinguished by the active 
transition of W, with respect to CAS. Minimum active time 
tRAS and tcAs, and precharge time trp apply to write mode, 
as in the read mode. 

An early write cycle is characterized by W active transition 
at minimum time twcs before CAS active transition. Data in 
(D) is referenced to CAS in an early write cycle. RAS and CAS 
clocks must stay active for tkyyL and tcw L, respectively, 
after the start of the early write operation to complete the 
cycle. 

Q remains High Z throughout an early write cycle because 
W active transition precedes or coincides with CAS active 
transition, keeping data-out buffers disabled. This feature can 
be utilized on systems with a common !/O bus, provided all 
writes are performed with early write cycles, to prevent bus 
contention. 

A late write cycle occurs when W active transition is made 
after CAS active transition. W active transition could be de- 
layed for almost 10 microseconds after CAS active transition, 
(tRcD+tcwbD+tRWL+2tT) strRaAs, if other timing mini- 
mums (tRcp, tRWL, and tT) are maintained. D is referenced 
to W active transition in a late write cycle. Output buffers are 
enabled by CAS active transition but O may be indeterminate — 
see note 16 of AC operating conditions table. RAS and CAS 
must remain active for thw . and tcwL, respectively, after Ww 
active transition to complete the write cycle. 


READ-WRITE CYCLE 


A read-write cycle performs a read and then a write at the 
same address, during the same cycle. This cycle is basically 
a late write cycle, as discussed in the WRITE CYCLE section, 
except W must remain high for tcwp minimum after the CAS 
active transition, to guarantee valid Q before writing the bit. 


PAGE MODE CYCLES 


Page mode allows fast successive data operations at all 2048 
column locations on a selected row of the 1M dynamic RAM. 
Read access time in page mode (tCAC) is typically half the 
regular RAS clock access time, trac. Page mode operation 
consists of keeping RAS active while toggling CAS between 
VIH and Vi. The row is latched by RAS active transition, 
while each CAS active transition allows selection of a new 
column location on the row. 

A page mode cycle is initiated by a normal read, write, or 
read-write cycle, as described in prior sections. Once the timing 
requirements for the first cycle are met, CAS transitions to 
inactive for minimum of tcp, while RAS remains low (Vj;). 
The second CAS active transition while RAS is low initiates 
the first page mode cycle (tpc or tpRwc). Either a read, write, 
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or read-write operation can be performed in a page mode cycle, 
subject to the same conditions as in normal operation (pre- 
viously described). These operations can be intermixed in con- 
secutive page mode cycles and performed in any order. The 
maximum number of consecutive page mode cycles is limited 
by tRASP. Page mode operation is ended when RAS transi- 
tions to inactive, coincident with or following CAS inactive 
transition. 


REFRESH CYCLES 

The dynamic RAM design is based on capacitor charge 
storage for each bit in the array. This charge degrades with 
time and temperature, thus each bit must be periodically re- 
freshed (recharged) to maintain the correct bit state. Bits in 
the MCM511000A require refresh every 8 milliseconds, while 
refresh time for the MCM51L1000A is 64 milliseconds. 

Refresh is accomplished by cycling through the 512 row 
addresses in sequence within the specified refresh time. All 
the bits on a row are refreshed simultaneously when the row 
is addressed. Distributed refresh implies a row refresh every 
15.6 microseconds for the MCM511000A, and 124.8 micro- 
seconds for the MCM51L1000A. Burst refresh, a refresh of all 
512 rows consecutively, must be performed every 8 millise- 
conds on the MCM511000A and 64 milliseconds on the 
MCM51L1000A. 

A normal read, write, or read-write operation to the RAM 
will refresh all the bits (2048) associated with the particular 
row decoded. Three other methods of refresh, RAS-only re- 
fresh, CAS before RAS refresh, and hidden refresh are 
available on this device for greater system flexibility. 








RAS-Only Refresh 


RAS-only refresh consists of RAS transition to active, latch- 
ing the row address to be refreshed, while CAS remains high 
(ViH) throughout the cycle. An external counter is employed 
to ensure all rows are refreshed within the specified limit. 


CAS Before RAS Refresh 


CAS before RAS refresh is enabled by bringing CAS active 
before RAS. This clock order activates an internal refresh 
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CAS BEFORE RAS 
REFRESH CYCLE 


en 


counter that generates the row address to be refreshed. Ex- 
ternal address lines are ignored during the automatic refresh 
cycle. The output buffer remains at the same state it was in 
during the previous cycle (hidden refresh). 


Hidden Refresh 


Hidden refresh allows refresh cycles to occur while main- 
taining valid data at the output pin. Holding CAS active at the 
end of a read or write cycle, while RAS cycles inactive for trp 
and back to active, starts the hidden refresh. This is essentially 
the execution of a CAS before RAS refresh from a cycle in 
progress (see Figure 1). 


CAS BEFORE RAS REFRESH COUNTER TEST 


The internal refresh counter of this device can be tested 
with a CAS before RAS refresh counter test. This test is 
performed with a read-write operation. During the test, the 
internal refresh counter generates the row address, while the 
external address supplies the column address. The entire array 
is refreshed after 512 cycles, as indicated by the check data 
written in each row. See CAS before RAS refresh counter 
test cycle timing diagram. 

The test can be performed after a minimum of eight CAS 
before RAS initialization cycles. Test procedure: 














1. Write ‘0’’s into all memory cells with normal write mode. 
Select a column address, read ‘’0’’ out and write ‘’1” into 
the cell by performing the CAS before RAS refresh 
counter test, read-write cycle. Repeat this operation 
512 times. 

Read the ‘’1’’s which were written in step 2 in normal read 
mode. 

Using the same starting column address as in step 2, read 
“*1”' out and write “0” into the cell by performing the CAS 
before RAS refresh counter test, read-write cycle. 
Repeat this operation 512 times. 

Read “’0’’s which were written in step 4 in normal read 
mode. 

Repeat steps 1 to 5 using complement data. 











CAS BEFORE RAS 
REFRESH CYCLE 


as 





Figure 1. Hidden Refresh Cycle 
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TEST MODE 


Internal organization of this device (256K x 4) allows it to be 
tested as if it were a 256K x 1 DRAM. Only nine of the ten 
addresses (AQ-A8) are used in test mode; AQ is internally 
disabled. A test mode write cycle writes data, D (data in), to 
a bit in each of the four 256K x 1 blocks (BO-B3), in parallel. 
A test mode read cycle reads a bit in each of the four blocks. 
If data is the same in all four bits, Q (data out) is the same as 
the data in each bit. If data is not the same in ail four bits, 0 
is high Z. See truth table and block diagram. 


Test mode can be used in any timing cycle, including page 
mode cycles. The test mode function is enabled by holding 
the “TF” pin on “super voltage’’ for the specified period (tTES, 
tTEHR, tTEHC; see TEST MODE CYCLE). 

“Super voltage” = Vcc + 4.5 V 
where 
4.5V<Vcc <5.5 V and maximum voltage = 10.5 V. 

AQ is ignored in test mode. In normal operation, the ““TF’’ 

pin must either be connected to Vjt, or left open. 


Test Mode Truth Table 


Any Other 
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ORDERING INFORMATION 
(Order by Full Part Number) 





MCM_ 511000A or 51L1000A X XX XX 


Motorola Memory Prefix = Shipping Method (R2= Tape & Reel, 
Blank = Rails) 
Part Number 
Speed (70=70 ns, 80=80 ns, 
10 = 100 ns) 


——=—--—— Package (P = 300 mil Plastic DIP, 
J =300 mil SOJ, Z= Plastic ZIP) 


Full Part Numbers— MCM511000AP70 MCM511000AJ70 MCM511000AJ70R2 MCM511000AZ70 
MCM511000AP80 MCM511000AJ80 MCM511000AJ80R2 MCM511000AZ80 
MCM511000AP10 MCM511000AJ10 MCM511000AJ10R2 MCM511000AZ10 
MCM51L1000AP70 MCM51L1000AJ70 MCM51L1000AJ70R2 MCM51L1000AZ70 


MCM51L1000AP80 MCM51L1000AJ80 MCM51L1000AJ80R2 MCM51L1000AZ80 
MCM51L1000AP10 MCM51L1000AJ10 MCM51L1000AJ10R2 MCM51L1000AZ10 
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a SEMICONDUCTOR 
TECHNICAL DATA 





IMx1 CMOS Dynamic RAM 
Nibble Mode 


The MCM511001A is a 1.0% CMOS high-speed, dynamic random access memory. It is 
organized as 1,048,576 one-bit words and fabricated with CMOS silicon-gate process 
technology. Advanced circuit design and fine line processing provide high performance, 
improved reliability, and low cost. The fast nibble mode feature allows high-speed serial 
access of up to 4 bits of data. 

The MCM511001A requires only 10 address lines; row and column address inputs are 
multiplexed. The device is packaged in a standard 300-mil dual-in-line plastic package 
(DIP), a 300-mil SOJ plastic package, and a 100-mil zig-zag in-line plastic package (ZIP). 


Three-State Data Output 
Common !/O with Early Write 
Fast Nibble Mode 
Test Mode 
TTL-Compatible Inputs and Output 
RAS Only Refresh 
CAS Before RAS Refresh 
Hidden Refresh 
512 Cycle, 8 ms Refresh 
Unlatched Data Out at Cycle End Allows Two Dimensional Chip Selection 
Fast Access Time (tRAC): MCM511001A-70 = 70 ns (Maximum) 
MCM511001A-80 = 80 ns (Maximum) 
MCM511001A-10 = 100 ns (Maximum) 
@ Low Active Power Dissipation: MCM511001A-70 = 440 mW (Maximum) 
MCM511001A-80 = 385 mW (Maximum) 
MCM511001A-10 = 330 mW (Maximum) 
@ Low Standby Power Dissipation: 11 mW (Maximum, TTL Levels) 
5.5 mW (Maximum, CMOS Levels) 


SMALL OUTLINE 


DUAL-IN-LINE 





PIN | 
ASSIGNMENT 

















MCM511001A 


P PACKAGE 
300 MIL PLASTIC 
CASE 707A 


J PACKAGE 


meet. Z PACKAGE 
PLASTIC 
ZIG-ZAG IN-LINE 
CASE 836 


Address Input 
Data Input 

Data Output | 
Read/Write Enable 
Row Address Strobe 
Column Address Strobe 
Power (+5 V) 


Test Function Enable 
No Connection | 


ZIG-ZAG IN-LINE 
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BLOCK DIAGRAM 














S| 
al =| 
. 


|} DATA IN D 


#2 CLOCK -—— |_| BUFFER 
GENERATOR onan 
el DATA OUT 


















TF 
BUFFER : 
NIBBLE 
COLUM : SELECTOR 
TRY aos a 
AO BUFFERS (10) COLUMN 
At i DECODER 
ne ae SENSE AMP 
A3 10 GATING 
- 2048 
AS eed 
AG 
AT 
AB ROW — MEMORY 
ADDRESS ARRAY 
Ag BUFFERS (10)[ > 
eae) i SUBSTRATE Vee 
RAS #1 CLOCK BIAS Vss 
GENERATOR GENERATOR 


ABSOLUTE MAXIMUM RATINGS (See Note) 


Aating | Symbol | Value __| Unit | 
TA 





This device contains circuitry to protect the 
inputs against damage due to high static 
voltages or electric fields; however, it is ad- 
vised that normal precautions be taken to 
avoid application of any voltage higher than 
maximum rated voltages to this high-imped- 
ance circuit. 













V 
Test Function Input Voltage 
[Data Out Curent SSSS~*dCstt | im 
[Power Dissipation ——SCS~S PY «| 
[Operating Temperature Range ——SS~*dCSCiA 


NOTE: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are 
exceeded. Functional operation should be restricted to RECOMMENDED OPER- 
ATING CONDITIONS. Exposure to higher than recommended voltages for extended 
periods of time could affect device reliability. 
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DC OPERATING CONDITIONS AND CHARACTERISTICS 
(Vcc =5.0 V + 10%, TA=0 to 70°C, Unless Otherwise Noted) 





RECOMMENDED OPERATING CONDITIONS 


Symbol 


Supply Voltage (Operating Voltage Range) ie 








Logic High Voltage, All Inputs 
Logic Low Voltage, All inputs 
Test Function Input High Voltage ar (TF) veces 5 aoe eee 







DC CHARACTERISTICS | 






Vcc Power Supply Current 
MCM511001A-70, tac = 130 ns 
MCM511001A-80, tac = 150 ns 
MCM511001A-10, tac = 180 ns 


Vcc Power Supply Current (Standby) (RAS = CAS = Vip) 


Vcc Power Supply Current During RAS only Refresh Cycles (CAS = Vj1)) 
MCM511001A-70, tac = 130 ns 
MCM511001A-80, tac = 150 ns 
MCM511001A-10, tac = 180 ns 


Vcc Power Supply Current During Nibble Mode Cycle (RAS = Vii) 



































MCM511001A-80, tyyc = 35 ns 
Vcc Power Supply Current During CAS Before RAS Refresh eyes Icc6 
7 
MCM511001A-10, tac = 180 ns 
Output Leakage Current (CAS Vi: 0 VeVour=8! 5 V) 


MCM511001A-10, tac = 40 ns 
MCM511001A-70, tac = 130 ns 
Input Leakage Current (Except TF) (0 an <6. 5 V) lkg(t) ee pat 
aia (0) 
Test Function Input Current (Vcc + 4.5 VS Vin( TF) = 10.5 V) lin( TF) 







MCM511001A-70, tyr =35 ns 
oe Soy Cn en RASSRT=Vggcazw [gag [= [ta Pa 
MCM511001A-80, tac = 150 ns 


CAPACITANCE (f=1.0 MHz, Ta =25°C, Vcc =5 V, Periodically Sampled Rather Than 100% Tested) 


Input Capacitance A0-A9, D ee 
= = 
















Output Capacitance (CAS = Vj} to Disable Output) 


NOTES: 
1. All voltages referenced to Vss. 
2. Current is a function of cycle rate and output loading; maximum current is measured at the fastest cycle rate with the output open. 
3. Capacitance measured with a Boonton Meter or effective capacitance calculated from the equation: C=IAt/AV. 
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AC OPERATING CONDITIONS AND CHARACTERISTICS 
(Vcc =5.0 V + 10%, Ta =0 to 70°C, Unless Otherwise Noted) 





READ, WRITE, AND READ-WRITE CYCLES (See Notes 1, 2, 3, 4, and 5) 


wo} — [wo | - {mle 


[Random Read or Wie CyeleTme —‘[tmeaei| txc_| 0 | — 
[Read-Wite CycleTime __———~—~—~d arene | two | tes [| - | 78 | - | a0 | — |r] 6 
"eee nua ec) = ee eal el 
[Access Time from GAS————~S~w cen | tcac | — | | - | 2 | - | % | me[7 
envoy | 





















Access Time from RAS . 
,9 









[Nibble Mode Access Time _——‘['ceuov| wncae | - | | - | 6 | - | [mm] 71 


tN 
S 
wvov | ta | - | | - [| | — | | me ]7.00 
[EAS t Outputintow2 ———SS~id ceux | teaz | | - Jo | - | 0] - [ol 7, 
: FF 


zo | o | 2 | o | 2 [ns] 1 | 


To [3s fo] a | [ml | 
70 il 


Franson Time (Rise and Fal) _——=d;SCitr =| tr | 

[RAS Precharge Time _———~S~i nen | tmp 80 
A 

CAS A 





10 


Boal 
ae 
: 
[RAS to CAS Delay Tine ——————~d tren cen | taco | 20 
[RAS to Colurm Address Delay Time | trevav | trap | 15 
[CAS to RAS Precharge Time ‘| tcewnet| torp | 5 
[EAS Precherge Time _———~—SS~*d cence | tc | 10] 
[Row Address Setup Tine ‘| tavre. | tase | 0 | 
[Row Aderess Hold Time ————~d tneuax| tran | 10 
[Column Address Seup Time ‘| saves | tasc | 0 
[Column Address Hold Time ‘| tceuax | tcan | 15} 
[Column Address to RAS Lead Time | tava | tea_| 35 


ee P Et el 





(continued) 


NOTES: 
1. Vi min and Vi, max are reference levels for measuring timing of input signals. Transition times are measured between Vj} and Vj_. 
2. An initial pause of 200 us is required after power-up followed by 8 RAS cycles before proper device operation is guaranteed. 
3. The transition time specification applies for all input signals. In addition to meeting the transition rate specification, all input signals must 
transition between ViH and Vi, (or between Vi, and Vj) in a monotonic manner. 
4. AC measurements ty = 5.0 ns. 
. The TF pin must be at Vi, or open if not used. 
6. The specifications for tac (min) and tawc (min) are used only to indicate cycle time at which proper operation over the full temperature 
range (0°C <Ta <70°C) is assured. 
7. Measured with a current load equivalent to 2 TTL (—200 pA, +4 mA) loads and 100 pF with the data output trip points set at 
VOH =2.0 V and Vo, =0.8 V. 
8. Assumes that trcp <tRcp (max). 
9. Assumes that tpcp=tRcp (max). 
10. Assumes that thap2=trRApD (max). 
11. tofr (max) defines the time at which the output achieves the open circuit condition and is not referenced to output voltage levels. 
12. Operation within the tacp (max) limit ensures that trac (max) can be met. trcp (max) is specified as a reference point only; if tacp is 
greater than the specified tacp (max) limit, then access time is controlled exclusively by tcac. 
13. Operation within the trap (max) limit ensures that tpac (max) can be met. trap (max) is specified as a reference point only; if thap is 
greater than the specified trap (max), then access time is controlled exclusively by ta. 


o 





MOTOROLA MEMORY DATA 


2-21 


MCM511001A 


READ, WRITE, AND READ-WRITE CYCLES (Continued) 
MCM511001A-10 





bp 
3) 


tavwi | tawo_| 
tRELCEL| ‘csR_| 
tRELCEH 30 


CAS Precharge Time for CAS Before RAS tCEHCEL| tcPT 
Counter Test 


|'CELREH | *NRSH_ 


tWLREH | tNRWL 


Test Mode Enable Setup Time Referenced to ee ee oe 

Test Mode Enable Hold Time Referenced to a ee 

Tost Mode Enable Hold Time Referenced to feeds ue 
A 


NOTES: 

14. Either thRH or tRcH must be satisfied for a read cycle. 

15. These parameters are referenced to CAS leading edge in random write cycles and to W leading edge in delayed write or read-write cycles. 

16. twcs, trwpb. tcwD. and tawp are not restrictive operating parameters. They are included in the data sheet as electrical characteristics 
only; if twcos2=twcs (min), the cycle is an early write cycle and the data out pin will remain open circuit (high impedance) throughout 
the entire cycle; if tewp=tcwp (min), tawp=tRwp (min), and tayp=tawp (min), the cycle is a read-write cycle and the data out 
will contain data read from the selected cell. If neither of these sets of conditions is satisfied, the condition of the data out (at access time) 
is indeterminate. 


8 


No 


NO 
oO 
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a 


CAS 


CAS 


| 
ADDRESSES 


i OOOO 


Q (DATA OUT) 


READ CYCLE 
tRC 
a 'RAS 

Vit ~ 

tCSH eae ha 

tCRP ie tRcD tRSH 
VIH — tCAS 
Vu — 
—tAR 
tRAD = 
TASR taSc 


Vin — ae ae oe 
i XX loonie. RX) (toomss pool ae XK 
{CAC ce06 


tAA 
‘el tOFF 


tRAC 
Vou - -y, 
ig 2 i {woo 
Wane XX VALID DATA | | ) 


EARLY WRITE CYCLE 





tRC 
, tRP ) 
VW tRAS 
| Cee ai 
‘CRP 
a = 
= Vin tcAS 
as a 
tASR oar ager “SS 
Viq 
womesses "XM sates XXX ae OOO OY 
Vy 
D (DATA IN) 
VOH — 
Q (DATA OUT) mane 
Vou - 
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READ-WRITE CYCLE 
'RWC 





—— RAS 'RP 


Viq - 
Vit 
tRSH 
tRCD tRWL (CPN 
' t 
| tCRP CRP 


p> °] 
(7p) 


oi 
> 
(Je) 


tcAS 
FAN | OY 
‘RAD Se eae — 
wwess OR ints KO aE KX XXX XXX XXX KKK 
‘RAH =e == | 


Vin ~ AAT IO esate: ~ YYVYY¥YWYW¥VYV VY 
OY) iz  LXXXKXRXKRXXXKK 


ViH — 
Vit - 
tASR 


=| 


Vit - 
tRCS 
tpH 


saan” SXKXKKKKKKKKKKO weer KKK 


Vit — 





0 
Q (DATA OUT) ————— ee IGE Z 






VALID DATA 


NIBBLE MODE READ CYCLE 


tRAS (haa tRP 


RAS 
Vit - 
tCSH 
tcRP 
F tRCD tCAS 
Vin ~ : : 
CAS tRAD rH 
Vit — a 
| 


tNCP 


tRAH—P 
TASR 5 tasc 
Vin ~ : 
0 ADC ETS 
_petcac - tNCAC 
tOFF | a 


tRAC 
y a 
Q (DATA OUT) OH HIGH We VALID \- / VALID “K VALID VALID 
i /\ DATA DATA DATA DATA 


VoL - 





tAA 






tRCH 
Vin — 


Vit - 
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NIBBLE MODE EARLY WRITE CYCLE 


SS RS eens ‘RP 

Ving — 
a ol 

Vit ) 

tCSH 
tcRP tNRSH 
rh tCAS 
— Vin- 
CAS 
TRAD 
RAH ) " 


see 'NCAS 


. |_| 
wmses ™ QIREOCEKY nan REE 


v\ 
D (DATA IN) 
V 





Vo 
Q (DATA OUT) neem HIGH Z 
VoL - 
NIBBLE MODE READ-WRITE CYCLE 
tRAS tRP 
Vin - taR 


RAS 
Vit - 


‘CRP B 


__ Vin- , 
AS if ; 


Y= ib | 
i tcAH— . 'NCAS 
taSR : taSC 





tncP 
Vi — v7 
ROW COLUMN \/ 
ADDRESSES : we, AnGRESS \ Aeon XX XX) XXX) Se ee XXX? XXX 
IL ~ 
tewL lg INCWL tNCWL 
yaw NCWD ‘ 

; ties WP NRWL 
W 

Vit - tAWD cy 

tcwD 
Sale ; 
DH 


ean IX means 100) Sama: OX 


HIGH Z 





Vou — 
Q (DATA OUT) 
Vou - 
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RAS ONLY REFRESH CYCLE 
(W and AQ are Don’t Care) 
tRC 
tRP 
tRAS 


Viq — 
RAS 
Vit - 
tcrP aka tRPC 


| 


Vi — \7 W/\/\/Y 
CAS a: \) i | OX 

i = tRAH 

AY, DAVID DDI WD DAA ADI 
mM (soos KX KOK KKAAKXXAKXXKAKK XK 
Vou — 
Q (DATA OUT) —_—_—_——— HIGH Z 
Vou - 
CAS BEFORE RAS REFRESH CYCLE 
(W and AO to AS are Don’t Care) 
tre Se 

ViH ~ | tRAS 

ms Vit - | | 
tRPC 
tCPN = } tCHR 
ae sna 
CAS — 
: tOFF 
You --——— | 3 
Q (DATA OUT) ) HIGH Z 
VoL - 
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HIDDEN REFRESH CYCLE (READ) 


tRC tRAS 


tRAS tp 
Vin - 
RAS 
Vit - : 
tCRP 
y trcp tRSH tCHR . tCPN 
Viq - 
TAS \ 
Vii = 
RAD t+ tRAL 
ma —— | | 
tASR lt 


Vin —- 
wuss” OOK mess MOL p AAI AIAN 
| ‘cs — 


+ SERIE 


Vit - 


‘RRH 


OOKXXXXXXAXKXXN 


tcac 


tRAC tOFF 
wr Lew CS 
L\ 


'CLZ 


V 
Q (DATA OUT) 
V 





HIDDEN REFRESH CYCLE (EARLY WRITE) 


tRC 
tRAS tap RAS 


'CPN 
i 'RCD tRSH 'CHR 


wos SO ats KOT SR KIKI KKK 
tweR 
tRWL 
Vin — tWCH 
we al VIII KKK 
twp 


‘OS 
‘DH 


Vi — : | 
TC 0,0,0,0,06,0 MLL OOOOOOCOOOCeOeeeee 4, 
| \g—___———— tpHR 
Q (DATA OUT) ae ——————— SS eZ 


VoL - 
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AS BEFORE RAS REFRESH COUNTER TEST CYCLE 





tRAS 7 <> tRp 
Viq ~ 


tRSH 
Vit 
SS=3 
Vin ~ 
taSC 
ames RYEXTEKERKEN BE KONE 


iop) 
~ 
i%e) 


Vit - 


(CAC —> | 
tRA 
READ CYCLE mie ; e+ torr 
! 
“0 ial 
Q (DATA OUT) —_——$ HIGH 2 — : (XX VALID DATA ) 
vo - -. 
t 
tres | ue 'RRH 

Viq — 


Py QO a 
Sores HIGH Z =+—H 


K/\/\/ 
| |b | - 
RCH 
EARLY WRITE CYCLE ¥ 
ae 


VOH — 
tRWL 


Q (DATA OUT) 
VoL - 


ae a 
RRO Ht LOR 
ove EI se KOON 


tcac — 
READ-WRITE CYCLE 


tCLZ tOFF 
VoH — 


4 , 
Q (DATA OUT) HIGH 2 , (XX VALID DATA y 
ey taa ————> tCWL 
tawD on 
Bea | | 





VW —- 3 —_ 
«COL AXXXEXKEX 
tcwD —> twp 
Vin — 
sa KKK KEKE ERE HIO s HOKKKKI 





tps 
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DEVICE INITIALIZATION 


On power-up an initial pause of 200 microseconds is required 
for the internal substrate generator to establish the correct 
bias voltage. This must be followed by a minimum of eight 
active cycles of the row address strobe (clock) to initialize all 
dynamic nodes within the RAM. During an extended inactive 
state (greater than 8 milliseconds with the device powered up), 
a wake up sequence of eight active cycles is necessary to 
assure proper operation. 


ADDRESSING THE RAM 


The ten address pins on the device are time multiplexed at 
the beginning of a memory cycle by two clocks, row address 
strobe (RAS) and column address strobe (CAS), into two sep- 
arate 10-bit address fields. A total of twenty address bits, ten 
rows and ten columns, will decode one of the 1,048,576 bit 
locations in the device. RAS active transition is followed by 
CAS active transition (active = VjL, tacp minimum) for all read 
or write cycles. The delay between RAS and CAS active tran- 
sitions, referred to as the multiplex window, gives a system 
designer flexibility in setting up the external addresses into the 
RAM. 

The external CAS signal is ignored until an internal RAS 
signal is available. This “gate” feature on the external CAS 
clock enables the internal CAS line as soon as the row address 
hold time (tRAH) specification is met (and defines tacp min- 
imum). The multiplex window can be used to absorb skew 
delays in switching the address bus from row to column ad- 
dresses and in generating the CAS clock. 

There are two other variations in addressing the 1M RAM: 
RAS only refresh cycle and CAS before RAS refresh 
cycle. Both are discussed in separate sections that follow. 





READ CYCLE 


The DRAM may be read with four different cycles: ‘‘normal’’ 
random read cycle, nibble mode read cycle, read-write cycle, 
and nibble mode read-write cycle. The normal read cycle is 
outlined here, while the other cycles are discussed in separate 
sections. 

The normal read cycle begins as described in ADDRESS- 
ING THE RAM, with RAS and CAS active transitions latching 
the desired bit location. The write (W) input level must be high 
(ViH), tRcS (minimum) before the CAS active transition, to 
enable read mode. 

Both the RAS and CAS clocks trigger a sequence of events 
which are controlled by several delayed internal clocks. The 
internal clocks are linked in such a manner that the read access 
time of the device is independent of the address multiplex 
window. However, CAS must be active before or at trcp 
maximum to guarantee valid data out (Q) at tRAc (access time 
from RAS active transition). If the tpc¢p maximum is exceeded, 
read access time is determined by the CAS clock active tran- 
sition (tCAc). 

The RAS and CAS clocks must remain active for a minimum 
time of tRAS and tcas respectively, to complete the read 
cycle. W must remain high throughout the cycle, and for time 
tRRH Or tRCH after RAS or CAS inactive transition, respec- 
tively, to maintain the data at that bit location. Once RAS 
transitions to inactive, it must remain inactive for a minimum 


time of trp to precharge the internal device circuitry for the 
next active cycle. Q is valid, but not latched, as long as the 
CAS clock is active. When the CAS clock transitions to in- 
active, the output will switch to High Z (three-state). 


WRITE CYCLE 


The user can write to the DRAM with any of four cycles: 
early write, late write, nibble mode early write, and nibble mode 
read-write. Early and late write modes are discussed here, while 
nibble mode write operations are covered in another section. 

A write cycle begins as described in ADDRESSING THE 
RAM. Write mode is enabled by the transition of W to active 
(Vi). Early and late write modes are distinguished by the active 
transition of W, with respect to CAS. Minimum active times 
tRAS and tCAs, and precharge time trp apply to write mode, 
as in the read mode. 

An early write cycle is characterized by W active transition 
at minimum time twcs before CAS active transition. Data in 
(D) is referenced to CAS in an early write cycle. RAS and CAS 
clocks must stay active for tRWL and tcwL, respectively, 
after the start of the early write operation to complete the 
cycle. 

Q remains in three-state condition throughout an early write 
cycle because W active transition precedes or coincides with 
CAS active transition, keeping data-out buffers disabled. This 
feature can be utilized on systems with a common I/O bus, 
provided all writes are performed with early write cycles, to 
prevent bus contention. 

A late write cycle occurs when W active transition is made 
after CAS active transition. W active transition could be de- 
layed for almost 10 microseconds after CAS active transition, 
(tRCD+tcWD+tRWL+2tT) SstRAS. if other timing mini- 
mums (tRCp, tRWL and tf) are maintained. D is referenced 
to W active transition in a late write cycle. Output buffers are 
enabled by CAS active transition but Q may be indeterminate — 
see note 16 of AC operating conditions table. RAS and CAS 
must remain active for taw and tcw_, respectively, after W 
active transition to complete the write cycle. 


READ-WRITE CYCLE 


A read-write cycle performs a read and then a write at the 
same address, during the same cycle. This cycle is basically 
a late write cycle, as discussed in the WRITE CYCLE section, 
except W must remain high for tcwp minimum after the CAS 
active transition, to guarantee valid Q before writing the bit. 


NIBBLE MODE CYCLES 


Nibble mode allows fast successive serial data operations 
at two, three, or four bits of the 1M dynamic RAM. Read 
access time in nibble mode (ty)jCAC) is considerably faster than 
the regular RAS clock access time trac. Nibble mode oper- 
ation consists of keeping RAS active while toggling CAS be- 
tween V|H and Vj;_. The address of the first nibble bit is latched 
by RAS and CAS active transitions. Each subsequent CAS 
active transition increments the row and column addresses 
internally to access the next bit in binary fashion. After the 
fourth bit is accessed, the nibble pattern repeats itself: (0,0) 
(0,1) (1,0) (1,1) (0,0) (0,1) (1,0) (1,1)... . The A10 address 
determines the starting point of the 4-bit nibble, with row 
address A110 the least significant of the (column, row) ordered 
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pair. External addresses are ignored after the first nibble bit is 
selected. 

A nibble mode cycle is initiated by a normal read, write, or 
read-write cycle, as described in prior sections. Once the timing 
requirements for the first cycle are met, CAS transitions to 
inactive for minimum of tycp, while RAS remains low (Vj, ). 
The second CAS active transition while RAS is low initiates 
the first nibble mode cycle (tyc or tyRMw). Either a read, 
write, or read-write operation can be performed in a nibble 
mode cycle, subject to the same conditions as in normal op- 
eration (previously described). These operations can be inter- 
mixed in consecutive nibble mode cycles and performed in 
any order. The maximum number of consecutive nibble mode 
cycles is limited by tras. Nibble mode operation ends when 
RAS transitions to inactive, coincident with or following a CAS 
inactive transition. 


REFRESH CYCLES 


The dynamic RAM design is based on capacitor charge 
storage for each bit in the array. This charge degrades with 
time and temperature, thus each bit must be periodically re- 
freshed (recharged) to maintain the correct bit state. Bits in 
the MCM511001A require refresh every 8 milliseconds. 

Refresh is accomplished by cycling through the 512 row 
addresses in sequence within the specified refresh time. All 
the bits on a row are refreshed simultaneously when the row 
is addressed. Distributed refresh implies a row refresh every 
15.6 microseconds for the MCM511001A. Burst refresh, a re- 
fresh of all 512 rows consecutively, must be performed every 
8 milliseconds. . 

A normal read, write, or read-write operation to the RAM 
will refresh all the bits (2048) associated with the particular 
row decoded. Three other methods of refresh, RAS-only re- 
fresh, CAS before RAS refresh, and hidden refresh are 
available on this device for greater system flexibility. 


RAS-Only Refresh 


RAS-only refresh consists of RAS transition to active, latch- 
ing the row address to be refreshed, while CAS remains high 
(Vi) throughout the cycle. An external-counter is employed 
to ensure all rows are refreshed within the specified limit. 


CAS BEFORE RAS 
REFRESH CYCLE 


MEMORY CYCLE 





Q —— HIGH Z 


CAS Before RAS Refresh 


CAS before RAS refresh is enabled by bringing CAS active 
before RAS. This clock order activates an internal refresh 
counter that generates the row address to be refreshed. Ex- 
ternal address lines are ignored during the automatic refresh 
cycle. The output buffer remains at the same state it was in 
during the previous cycle (hidden refresh). 


Hidden Refresh 


Hidden refresh allows refresh cycles to occur while main- 
taining valid data at the output pin. Holding CAS active at the 
end of a read or write cycle, while RAS cycles inactive for trp 
and back to active, starts the hidden refresh. This is essentially 
the execution of a CAS before RAS refresh from a cycle in 
progress (see Figure 1). 


CAS BEFORE RAS REFRESH COUNTER TEST 


The internal refresh counter of this device can be tested 
with a CAS before RAS refresh counter test. This test is 
performed with a read-write operation. During the test, the 
internal refresh counter generates the row address, while the 
external address supplies the column address. The entire array 
is refreshed after 512 cycles, as indicated by the check data 
written in each row. See CAS before RAS refresh counter 
test cycle timing diagram. 

The test can be performed after a minimum of eight CAS 
before RAS initialization cycles. Test procedure: 








1. Write ‘‘0’’s into all memory cells with normal write mode. 

2. Select a column address, read ‘’0’’ out and write “1” into 
the cell by performing the CAS before RAS refresh 
counter test, read-write cycle. Repeat this operation 
512 times. 

3. Read the ‘’1’’s which were written in step 2 in normal read 
mode. 

4. Using the same starting column address as in step 2, read 
“1”’ out and write ‘0’ into the cell by performing the CAS 
before RAS refresh counter test, read-write cycle. 
Repeat this operation 512 times. 

5. Read “’0’’s which were written in step 4 in normal read 
mode. 

6. Repeat steps 1 to 5 using complement data. 





CAS BEFORE RAS 
REFRESH CYCLE 













Figure 1. Hidden Refresh Cycle 
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TEST MODE 


Internal organization of this device (256K x 4) allows it to be 
tested as if it were a 256K x 1 DRAM. Only nine of the ten 
addresses (AO-A8) are used in test mode; AQ is internally 
disabled. A test mode write cycle writes data, D (data in), to 
a bit in each of the four 256K x 1 blocks (BO-B3), in parallel. 
A test mode read cycle reads a bit in each of the four blocks. 
If data is the same in all four bits, Q (data out) is the same as 
the data in each bit. If data is not the same in all four bits, Q 
is high Z. See truth table and block diagram. 


Test mode can be used in any timing cycle except nibble 
mode cycles. The test mode function is enabled by holding 
the “TF” pin on “super voltage”’ for the specified period (tT Es, 
tTEHR. tTEHC; see TEST MODE CYCLE). 

“Super voltage’ =Vcc+4.5 V 
where 
4.5V<Vcc <5.5 V and maximum voltage = 10.5 V. 

AQ is ignored in test mode. In normal operation, the ‘“TF”’ 

pin must either be connected to Vj,, or left open. 


Test Mode Truth Table 





Any Other 


TEST MODE CYCLE 





Vn 
RAS 
Vit - 
— Vin- 
AS 
Vit - 
VIH(TF) — 
TF 
VIL(TF) — 
TEST FUNCTION BLOCK DIAGRAM 
Ay, Ay | 
O 
- NORMAL 
©) O 
(A9) O a 
OO 
Aw Ay og pe | OP sipe 
0 am 
O -—+ + Q 
C) 
256K 
Es Ay, Ay r 
vs NORMAL 
NORMAL : O——-O 
256K O 0 
D — BLOCK ; , + 
O = 
: P| ee 
256K 


BLOCK 
B3 


anaes alle 
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ORDERING INFORMATION 
(Order by Full Part Number) 





-MCM_ 511001A X XX XX 






Motorola Memory Prefix Shipping Method (R2=Tape & Reel, 


Blank = Rails) 
Part Number 


Speed (70=70 ns, 80=80 ns, 10.= 100 ns) 





Package (P = 300 mil Plastic DIP, J = 300 mil SOU, 
Z= Plastic ZIP) 


Full Part Numbers— MCM511001AP70 MCM511001AJ70 MCM511001AJ70R2 MCM511001AZ70 
MCM511001AP80 MCM511001AJ80 MCM511001AJ80R2 MCM511001AZ80 
MCM511001AP10 MCM511001AJ10 =MCM511001AJ10R2 =MCM511001AZ10 
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= SEMICONDUCTOR 
TECHNICAL DATA 





1Mx1 CMOS Dynamic RAM 


Static Column 


P PACKAGE 


re 300 MIL PLASTIC 
The MCM511002A is a 1.02 CMOS high-speed, dynamic random access memory. It is CASE 707A 


organized as 1,048,576 one-bit words and fabricated with CMOS silicon-gate process 
technology. Advanced circuit design and fine line processing provide high performance, 
improved reliability, and low cost. The static column mode feature allows column data to J PACKAGE 
be accessed upon the column address transition when RAS and CS are held low, similar | sd 
to static RAM operation. 
The MCM511002A requires only 10 address lines; row and column address inputs are 

multiplexed. The device is packaged in a standard 300-mil dual-in-line plastic package 
(DIP), a 300-mil SOU plastic package, and a 100-mil zig-zag in-line plastic package (ZIP). 





Z PACKAGE 
@ Three-State Data Output mC PLASTIC 
@ Common !/O with Early Write “SS ZIG-ZAG IN-LINE 
®@ Static Column Mode ie CASE 836 
@ Test Mode 
@ TTL-Compatible Inputs and Output 
@ RAS Only Refresh 
®@ CS Before RAS Refresh Address Input 
@ Hidden Refresh Data Input 
@ 512 Cycle, 8 ms Refresh Data Output 
@ Unlatched Data Out at Cycle End Allows Two Dimensional Chip Selection Read/Write Enable 
@ Fast Access Time (tRAC): MCM511002A-70 = 70 ns (Maximum) : 
MCM511002A-80 = 80 ns (Maximum) Chip Select 
MCM511002A-10= 100 ns (Maximum) power ta Nt 


@ Low Active Power Dissipation: MCM511002A-70 = 440 mW (Maximum) 
MCM511002A-80 = 385 mW (Maximum) 

MCM511002A-10 = 330 mW (Maximum) 

Low Standby Power Dissipation: 11 mW (Maximum, TTL Levels) 
5.5 mW (Maximum, CMOS Levels) 








SMALL OUTLINE 
DUAL-IN-LINE 


PIN 
ASSIGNMENT 


1 
2 
3 
4 
5 
6 
7 
8 
9 
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BLOCK DIAGRAM 
















W a 
cs Ey DATA IN 7 
BUFFER 
TF a enema DATA OUT 0 
7m] BUFFER 
1 COLUMN 
Te ADDRESS 
‘ aurrens (10) [_-_ _ 1 coum 
Al i DECODER 
- SENSE AMP 
A3 1/0 GATING 
‘8 REFRESH 
AS COUNTER (9) 2048 
A6 ig! : eee 
A7 
ROW 
Ag ROW MEMORY 
aooress {|_| DECODER ARRAY 
AQ BUFFERS (10) La 


L 


=z 
” 


x #1 CLOCK “lien SUBSTRATE BIAS Vcc 
GENERATOR GENERATOR Vsg 


ABSOLUTE MAXIMUM RATINGS (See Note) 


Rating | Symbol 
Power Supply Voltage 
TA 





This device contains circuitry to protect the 
inputs against damage due to high static 
voitages or electric fields; however, it is ad- 
vised that normal precautions be taken to . 
avoid application of any voltage higher than 
maximum rated voltages to this high-imped- 
ance circuit. 









Poni 
V 
[Data Out Curent SSCs 

Pp | 600 | mw 







[Power Dissipation 
Operating Temperature Range | Ta | Oto+70 | 
Storage Temperature Range 


NOTE: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are 
exceeded. Functional operation should be restricted to RECOMMENDED OPER- 
ATING CONDITIONS. Exposure to higher than recommended voltages for extended 
periods of time could affect device reliability. 
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DC OPERATING CONDITIONS AND CHARACTERISTICS 
(Vcc =5.0 V + 10%, Ta =0 to 70°C, Unless Otherwise Noted) 





RECOMMENDED OPERATING CONDITIONS 


| Parameter | Symbol | Min | Typ | Max | Unit 


Supply Voltage (Operating Voltage Range) V 


[Logie High Volage, Alinputs———SSSCS~—~—~‘“~*~*S*~S*~é~sC ke | Sd acl 
Logic Low Votage,Allinputs——S~S~—S~s~“—~Ss St «dd 
Lis vid 
























































Pp Characteristic | Symbol | Min | Max | Unit | Notes | 
Vcc Power Supply Current Icc1 mA 
80 
MCM511002A-80, tac = 150 ns 70 
MCM511002A-10, tac = 180 ns 60 
Vcc Power Supply Current During RAS only Refresh Cycles (CS = Vj) Icc3 m 
MCM511002A-70, tac = 130 ns 80 
70 
MCM511002A-10, trac = 180 ns 60 
Vcc Power Supply Current During Static Column Mode Cycle (RAS = 
MCM511002A-70, tsc = 40 ns 60 
50 
MCM511002A-10, tgc = 50 ns 40 
Vcc Power Supply Current (Standby) (RAS = CS = Vcc — 0.2 V) Iccs5 | — | 10 | ma | 
MCM511002A-70, tac = 130 ns 
MCM511002A-80, tac = 150 ns 
Input Leakage Current (Except TF) (0 V<Vjp <6.5 V) | Mikal) | 
Input Leakage Current (TF) (0 V<Vjn( TF) Ss Vcc +.0.5 V) | tka) | 
Test Function Input Current (Vcc + 4.5 Vs Vin(TF) = 10.5 V) lin(TF) 
Output High Voltage (Io} = — 5 mA) 


DC CHARACTERISTICS 
MCM511002A-70, tac = 130 ns 
"Weg Poser Susphy Curent (Sindy ME=CE-) oe | eo Pm | 
A 
MCM511002A-80, tac = 150 ns 
MCM511002A-80, tgc = 45 ns 
Vcc Power Supply Current During CS Before RAS Refresh Cycle 
MCM511002A-10, tac = 180 ns 
| = 10 | 
A A eo, a ae eS ee 
aa 
a SI 








Parameter 
Input Capacitance A0-A9, D 


RAS, CS, W, TF 7 


Output Capacitance (CS = Vj} to Disable Output) Q | Court | 7 | pF [| 4 | 


NOTES: 
1. All voltages referenced to Vss. 
2. Current is a function of cycle rate and output loading; maximum current is measured at the fastest cycle rate with the output open. 
3. Measured with one address transition per static column mode cycle. 
4. Capacitance measured with a Boonton Meter or effective capacitance calculated from the equation: C = lAt/AV. 
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AC OPERATING CONDITIONS AND CHARACTERISTICS 
(Vcc =5.0 V + 10%, Ta =0 to 70°C, Unless Otherwise Noted) 





READ, WRITE, AND READ-WRITE CYCLES (See Notes 1, 2, 3, 4, and 5) . 


MCM511002A-70 | MCM511002A-80 
Random Read or Write Cycle Time tRELREL tRC 


Read-Write Cycle Time tRELREL| tRW 













MCM511002A-1 


“SIMs 
— “ie 
ae Pe oe) 


2 
° 
- 
@ 
i“ 


Parameter 


” 
> 
i) 
Fo 
a. 
ec) 
= 
a. 


et 
@ 
3 
3]? 18 
@ 


| 130 
| 155 
| 40 | 
ee 
Access Time from RAS tRA a 
zs 
feat 
= 


Static Column Mode Cycle Time tAVAV 
Static Column Mode Read-Write Cycle Time tavav | tsRWC 

Access Time from CS tCELOV 
Access Time from Column Address tavav 


Access Time from Last Write tWLOV L 7 


CS to Output in Low-Z tceLaox | tcLz 
Output Buffer and Turn-Off Delay tCEHOZ 


Data Out Hold from Address Change 


| Max_| 
ec 
ieee 
f 
es 
ee 
| 85 
| 20 | 


al 
as rn 
1 Pee ef ee ee 





i 
g 





RAS to Column Address Delay Time tRELAV tRA 
CS to RAS Precharge Time tCEHREL| tcRP 
CS Precharge Time (Static Column Mode tCEHCEL tcp 


Row Address Setup Time tAVREL taASR 
Row Address Hold Time tRELAX 


[Data Out Enable from Wite | 

ous a Ae Ge eT a 
cate ts [els] [ml _ 
mp [| - | @ |] -|~]- [ml] 
ae [20 | 70,000 | 100 | 10,000 ns |_| 
mae 100,000] 100 | 100,000) ns | 
ei 

= 

sce 

me 

[RAS to Column Aderess Delay Time | 

[GS to RAS Precharge Time 


Sls itié 
4 ro) 
5 9 12 |2 |F 


oO 
< 
go 
® 
oO 
= 
= 


(continued) 


’ NOTES: 
1. ViH} min and Vi, max are reference levels for measuring timing of input signals. Transition times are measured between Vi} and Vj_. 
2. An initial pause of 200 ps is required after power-up followed by 8 RAS cycles before proper device operation is guaranteed. 
3. The transition time specification applies for all input signals. In addition to meeting the transition rate specification, all input signals must 
transition between Vip and Vi, (or between Vi, and Vj) in a monotonic manner. 
4. AC measurements ty =5.0 ns. 
5. TF pin must be at Vj, or open if not used. 
6. The specifications for tac (min) and trwc (min) are used only to indicate cycle time at which proper operation over the full temperature 
range (0°C <T,~ <70°C) is assured. 
7. Measured with a current load equivalent to 2 TTL (—200 nA, +4 mA) loads and 100 pF with the data output trip points set at 
VOH=2.0 V and Vo, =0.8 V. 
8. Assumes that tacp <tRcp (max). 
9. Assumes that tpcp=trcp (max). 
10. Assumes that trap =trap (max), and/or tuywap=tLWAD (max). 
11. Assumes that thwaAD StLWAD (max). 
12. torr (max) defines the time at which the output achieves the open circuit condition and is not referenced to output voltage levels. 
13. Operation within the tacp (max) limit ensures that trac (max) can be met. trcp (max) is specified as a reference point only; if taco is 
greater than the specified tacp (max) limit, then access time is controlled exclusively by tcac. 
14. Operation within the trap (max) limit ensures that thac (max) can be met. trap (max) is specified as a reference point only; if trap is 
greater than the specified thap (max), then access time is controlled exclusively by ta,. 
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READ, WRITE, AND READ-WRITE CYCLES (Continued) 


tAVCE 
tCELAX | _tcAH _| 
tRELA 
tAVREH 


tLWAD 


| taHiw_ 
wx|_trcH _| 


Write Command Hold Time 
Write Command Hold Time Referenced to tRELWH tWCR 


tOVCEL | tps _| 
| tDH 


tCELDX 
| tDHR_| 
| tRFSH 


tWLCEL } twcs 


Pawo [70 
tRELCEL 
tRELCEH 
tREHCEL 


CS Precharge Time for CS Before RAS tCEHCEL| tcpT 
Counter Test 


tCEHCEL 


tREHTEL| ‘tTEHR 
tCEHTEL| ‘tTEHC 
NOTES: — 
15. taH must be met for a read cycle. 


16. Operation within the thywap limit ensures that tayyy can be met. tuyap (max) is specified as a reference point only; if tuyap is greater 
than the specified tuyjap (max) limit, then access time is controlled exclusively by ta,- 

17, Either thRH or tacH must be satisfied for a read cycle. 

18. twcs. twCH. tRwbD. tcWD. and tawp are not restrictive operating parameters. They are included in the data sheet as electrical 
characteristics only. If twos=twcs (min) and twCH=twcH (min), the cycle is an early write cycle and the data out pin will remain 
open circuit (high impedance) throughout the entire cycle; if thyjp=tRwp (min), tewp=tcwp (min), and tawp=tawp (min), the 
cycle is a read-write cycle and the data out will contain data read from the selected cell. If neither of these sets of conditions is satisfied, 
the condition of the data out (at access time) is indeterminate. 

19. These parameters are referenced to CS leading edge in early write cycles and to W leading edge in late write or read-write cycles. 
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5 
E 
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Parameter otes 


> 
> 
® 
bee | 
= 
~) 
+ 
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Column Address Setup Time 
Column Address Hold Time 
Write Address Hold Time Referenced to RAS 


Column Address Hold Time Referenced to 
RAS 


Column Address to RAS Lead Time 


Column Address Hold Time Referenced to 
RAS High 


Write Command to CS Lead Time 

Last Write to Column Address Delay Time 
Last Write to Column Address Hold Time 
Read Command Setup Time 


lena 
QO 
> 
= 


m 


= SO ~~ 2) 
4 g PEE RI Bz |e E18 
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Read Command Hold Time 


Read Command Hold Time Referenced to 


B®) 
| 
n 


Write Command Pulse Width 

Write Command Inactive Time 
Write Command to RAS Lead Time 
Data In Setup Time 

Data In Hold Time 

Data In Hold Time Referenced to R 
Refresh Period 

Write Command Setup Time (Output Data 


= 
x= 
: 


Be) 
n 


> 


S 


CS to Write Delay 

RAS to Write Delay 

Column Address to Write Delay Time 

CS Setup Time for CS Before RAS Refresh 
CS Hold Time for CS Before RAS Refresh 
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CS Precharge Time 
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) : tRC 


Vin - tRAS 


RAS | / 
Vit - | | 
~ tASR 7 ‘AH 


'RAH 'RAL 


cme "SO ae KXXM ms _KXXXKXK 





_ Via- 
cS 
Vit —- 'RCH 
wo XXXXXXKXXK YY 
sea ane —_ - Bee 
torr 
ne: 
pes | 
Q (DATA OUT) si HIGH Z 2S VALID DATA 
Vou - 
EARLY WRITE CYCLE 
tRC = 
8 Vin — 'RAS 
RAS 
a tAWR 
: 'CSH 
tRAH 
taSR 


Vin - 
wns "XN ales MXM KXXKXXKAKKXKKHN 


CAH 
tRAD , — {RSH Poe 
ICRP ASC CRP 
fips - = 
inal rs 


Vit - tRcD 
twcr-}_——__|_ 


"SERRE QE ee XXXXXXKX) 
™ OXXXXEXKXXEXEM see KXXXXXXXKKXKLES 
Pete es 


D (DATA IN) 
Vo 

Q (DATA OUT) a HIGH Z 
V 





Vit - 
OL - 
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READ-WRITE CYCLE 


tRWC 


tRP 
ee . tRAS 
RAS 
Vit — ? 
= tRAH agli. 
tASR ‘CAH 
rons” XL rowwsonss XX sromwsoess XX XKXXXXXAKKNAD 
an Be 
ot ica , hal {CRP 


a - IN |] 
ee rt tCWL 
he (el cl 
eres KXKKKKXXMY E va " KAXXXXXKX XKX 
omen XX KKXKXXKKAKM_emvoers KXKKXXKKKKKKAN 






Vo 
Q (DATA QUT) ne HIGH Z VALID DATA 
y 


STATIC COLUMN MODE READ CYCLE 


tRP 
2 he tRASC 
RAS S 4 
ViL- 
tAaSR tau 
RAH Isc <¢——— 'RAL 
tee (| ee) e \/ "4 COLUMN COLUMN COLUMN KX Ox 
ADDRESS /\ /\ ADDRESS ADDRESS ADDRESS 
tye — 


‘RSH 


heer 
a : XX? OOONOAE \X/ |_| XX) 


tRAC— 


tAA 
tOFF 
'CAC3 


ON 





HIGH Z 





Vou — 
Q (DATA OUT) 
VoL - 
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STATIC COLUMN MODE EARLY WRITE CYCLE (A) 


trp 
tRASC | 


Vit - | . 
: >t— tRAH < tRAL 
CAH 


tASR 


wows "OX ames KXXM stess KXOXN stows XXXL ness XXXXXXXKD 
: ‘CF 


D (DATA IN) 


tawr |__|» 


tASC <>} | taSC 
tsc 


RSH 


'RAD aaa DBL 
y _ 
: tCWL 
tRWL 





'DHR 


hehe 


tos 


tos 
Vin — = 
1 XXXXKKM, mo PX wu oee OX wo mrs KK XX 


Vou — 
Q (DATA OUT) HIGH Z 
VoL - 
STATIC COLUMN MODE EARLY WRITE CYCLE (B) 
tRP 
Vin — * | 
WAS tRASC 
TASR | 
. 'RAH ‘CAH 
Vin - Ly, ROW \/ COLUMN \/YV COLUMN \/N COLUMN VV \/ Y VY 
acd 09,  aaess XX (| smeess_D WY TL ioonss WwW KKKKKKXK 
tawR+-———_|—_»> tcrp —> 
tasc taSC tcp 


D (DATA IN) 


Vou — 
Q (DATA OUT) 
Va — 


tRAD : 
Vins 
s \ kx 
u ral peel 
7 i 


tRSH 






XN XXX 
| — tse ‘CwL : 
a mar? 
\ tWCH2>4 . } 

Le 
(Min oor XLILK me me XK KKK 


HIGH Z 


Vit - 


Vit ~ 
tDHR 


tps 


Vin — ; | 
 RXXKXKX 
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STATIC COLUMN MODE READ-WRITE CYCLE 


tRP 
__ Vu- RASC 
RAS 
Vit - 
ell sail nel 
tRAH — 
ROW _ CX COLUMN V/V 
avonesses NT actitss DRX amoness XXX ee aren 
tRAD en 
- Vi — 
Vit — 'RCS 
; aie 
Vin — 
Se eocnn y 
* Gees XKXXXXX 


RCD 


oma , DXX XXX XXX XX —_ x x XXXX) (tae XXXKAKX Ce 


Vou — 
Q (DATA OUT) 












HIGH Z 
VoL - 
vie STATIC COLUMN MODE READ/WRITE MIXED CYCLE 
RAS 2 
Vit - 
tRcD 
taSR tRAD 
tRAH 
oes 2.18) ae KX XK snones KX nowess_ XXX 
gee . | <t-tCAH 
_ Vin- rs 
cs 
Vit - 
_ Vin- 
Vit - 


D (DATA se a ax ( 


Vou — 
Q (DATA OUT) 
Vo. - 


|< EARLY WRITE ——————>}«—____—_— READ ———>}_——- READ-WRITE ——> 
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AO TO A8 


Q (DATA OUT) 


RAS 


Vin - 
Vit - 
tcrP 


Vit - 


Vit - 
Vou ~ 


VoL - 


Vin - 


Vit - 


Vin — 


Vit - 


Vou - 
Q {DATA OUT) 


Vo. - 


RAS ONLY REFRESH CYCLE 
(W and AQ are Don't Care) 


tRc 
— tRAS 


- RPC 


_ Mu- YY ei XX XY 
[\ [\L\ 


tASR 
tRAH 


Sate KXXKXXRKXXKXEXKKKKXKKKEXKK 


HIGH Z 
CS BEFORE RAS REFRESH CYCLE 


(W and A0 to A9 are Don’t Care) 


'RC 
<——— pp 


tRAS 
tRPC 


tcsR 
‘CPN —{ tCHR 


1OFF 


’ HIGH Z 
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HIDDEN REFRESH CYCLE (READ) 
'RC tRC 


trp 
Vin — : 'RAS tRAS 


Vit — 
k tacp tRSH 
tcrp 


a taR tCHR ICRP 
ral \ iz 
cs 
Vi — f as i 
t 


tas 


tRP 


‘AH 
TRAD 


Vas — 
woneses OM wo POM cmmsomess |KO XXXXXXXAXXAAXAAKAKN 
tRcS 'RRH 
_ ViH- 
* XXRXY] 










tCAC 
TAA 


| 
KAKA) 


tOFF 
Vou — 
Q @ATA OUT) 
Vo. — 





HIGH Z VALID DATA 


tRC 

tRP 
__ Vin- tAR {RA 
RAS 


tRAS tRP 


tcrP 
Fi tRCD i tRSH {CHR tcRp 





wes ™ XXL HOTS KXKKKKKKKK KKK KR KKKKEN 
EN CCCCN AXXXXXXKKK 
vm © TRXXXN Bt _KRKKKKKKKKKK KKK KKK 


Vou — 
0 (DATA OUT) 


HIGH Z 
Vou — 
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CS BEFORE RAS REFRESH COUNTER TEST CYCLE 


tRAS ‘RP 
tRSH 


RAS — | 
Vit - d 
tcsr P Tl tCRP 
_ Vin- x 
cs 
Vit - 
READ CYCLE tA 


Vin - N | 
momses KYOKO XXX 


tH, tRAL— Pre 
tCAC tOFF y 
Vou ~ ; . x7 
Q(DATA QUT) ee HIGH Z ie (| vauooref 
- a | ; 
‘RCS }—tRRH 
ViH- = 
¥ ROKK | eee 


taSC 'RCH 


t 
EARLY WRITE CYCLE CAH 


MP CCCCCCCOCCCCI A CONMMMOCCOONCHCON 


Vo 
Q (DATA OUT) 
v 





D (DATA IN) 


READ-WRITE CYCLE | | 'CAH 


- rail 
ees KX __sinwsomes KX KKXKXKKON 


tOFF 
YoH- 
Q (DATA OUT) HIGH Z ex VALI 
TT ¥4 = 


Vo.- 
: tRCS 






AXXXXKA XK? 


toH 
Viq 
D (DATA IN) 


TR KKK _KKKKKKKKKERK 


We YXXKKKXKKKKYY 


tps 
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DEVICE INITIALIZATION 


On power-up an initial pause of 200 microseconds is required 
for the internal substrate generator to establish the correct 
bias voltage. This must be followed by a minimum of eight 
active cycles of the row address strobe (clock) to initialize all 
dynamic nodes within the RAM. During an extended inactive 
state (greater than 8 milliseconds with the device powered up), 
a wake up sequence of eight active cycles is necessary to 
assure proper operation. 


ADDRESSING THE RAM 


The ten address pins on the device are time multiplexed at 
the beginning of a memory cycle by the row address strobe 
(RAS) clock, into two separate 10-bit address fields. A total 
of twenty address bits, ten rows and ten columns, will decode 
one of the 1,048,576 bit locations in the device. RAS active 
transition latches the row address field. Column addresses are 
not latched, hence the “static column” designation of this 
device. Chip select (CS) active transition (active=ViL, tacp 
minimum) follows RAS on all read, write, or read-write cycles, 
and is independent of column address. The static column 
feature allows greater flexibility in setting up the external ex- 
ternal column addresses into the RAM. 

There are other variations in addressing the 1M RAM: RAS 
only refresh cycle and CS before RAS refresh cycle. Both 
are discussed in separate sections that follow. 





READ CYCLE 


The DRAM may be read with four different cycles: random 
read cycle, read-write cycle, and “static column mode”’ read, 
and read-write. The random read cycle is outlined here, while 
the other cycles are discussed in separate sections. 

The random read cycle begins as described in ADDRESS- 
ING THE RAM, with RAS active transition latching the de- 
sired row. The write (W) input level must be high (VjH), tacs 
(minimum) before the CS active transition, to enable read 
mode. A valid column address can be provided at any time 
(tRAD minimum), independent of the CS active transition. 

Both the RAS and CS clocks trigger a sequence of events 
which are controlled by several delayed internal clocks. The 
internal clocks are linked in such a manner that the read access 
time of the device is independent of the address multiplex 
window. CS must be active and column address must be valid 
by tRCD and tRAp maximums, respectively, to guarantee valid 
data out (Q) at trac (access time from RAS active transition). 
If either tRCD or tRAD maximum is exceeded, read access 
time is determined by the CS clock active transition (tc Ac) 
and/or valid column address (ta). 

The RAS and CS clocks must remain active for a minimum 
time of tRAS andtcs, respectively, to complete the read cycle. 
The column address must remain valid for tay after RAS 
inactive transition to complete the read cycle. W must remain 
high throughout the cycle, and for time tRRH or tRCH after 
RAS or CS inactive transition, respectively, to maintain the 
data at that bit location. Once RAS transitions to inactive, it 
must remain inactive for a minimum time of trp to precharge 
the internal device circuitry for the next active cycle. Q is valid, 
but not latched, as long as the CS clock is active. When the 
CS clock transitions to inactive, the output will switch to 
High Z. 





WRITE CYCLE 


The DRAM may be written with any of four cycles: early 
write, late write and “‘static column mode” early write, and 
read-write. Early and late write modes are discussed here, while 
static column mode write operations are covered in another 
section. 

A write cycle begins as described in ADDRESSING THE 
RAM. Write mode is enabled by the transition of W to active 
(Vii level). Early and late write modes are distinguished by the 
active transition of W with respect to CS leading edge. Min- 
imum active time tras and tcs, and precharge time trp apply 
to write mode, as in the read mode. 

An early write cycle is characterized by W active transition 
at minimum time twcs before CS active transition. Column 
address set up and hold times (tasc, tcAH), and data in (D) 
set up and hold times (tps, tp}) are referenced to CS in an 
early write cycle. RAS and CS clocks must stay active for 
tRWL and tcwL_, respectively, after the start of the early write 
operation to complete the cycle. 

Q remains High Z throughout an early write cycle because 
W active transition precedes or coincides with CS active tran- 
sition, keeping data-out buffers disabled. This feature can be 
utilized on systems with a common I/O bus, provided all writes 
are performed with early write cycles, to prevent bus 
contention. 

A late write cycle occurs when W active transition is made 
after CS active transition. W active transition could be delayed 
for almost 10 microseconds after CS active transition, 
(tRcD+tcwb+tRWL+2tT) strRas. if other timing mini- 
mums (tRcp, tRWL, and tT) are maintained. Column address 
and D timing parameters are referenced to W active transition 
in a late write cycle. Output buffers are enabled by CS active 
transition but Q may be indeterminate—see note 18 of AC 
operating conditions table. Parameters tryyi. and tcw_ also 
apply to late write cycles. 


READ-WRITE CYCLE 


A read-write cycle performs a read and then a write at the 
same address, during the same cycle. This cycle is basically 
a late write cycle, as discussed in the WRITE CYCLE section, 
except W must remain high for tcwp and/or tawp minimum, 
to guarantee valid QO before writing the bit. 


STATIC COLUMN MODE CYCLES 


Static column mode refers to multiple successive data op- 
erations performed at any or all 1024 column locations on the 
selected row of the 1M dynamic RAM during one RAS cycle. 
Read access time of multiple operations (taa or tcAc) is 
considerably faster than the regular RAS clock access time 
tRAC. Multiple operations can be performed simply by keeping 
RAS active. CS may be toggled between active and inactive 
states at any time within the RAS cycle. 

Once the timing requirements for the initial read, write, or 
read-write cycle are met and RAS remains low, the device is 
ready for the next operation. Operations can be intermixed in 
any order, at any column address, subject to normal operating 
conditions previously described. Every write operation must 
be clocked with either CS or W, as indicated in static column 
mode early write cycle timing diagrams A and B. Column 
address and D timing parameters are referenced to the signal 
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clocking the write operation. CS must be toggled inactive (tcp) 
to perform a read operation after an early write operation (to 
turn output on), as indicated in static column mode read/ 
write mixed cycle timing diagram. The maximum number of 
consecutive operations is limited by tRasc. The cycle ends 
when RAS transitions to inactive. 


REFRESH CYCLES 


The dynamic RAM design is based on capacitor charge 
storage for each bit in the array. This charge degrades with 
time and temperature, thus each bit must be periodically re- 
freshed (recharged) to maintain the correct bit state. Bits in 
the MCM511002A require refresh every 8 milliseconds. 

Refresh is accomplished by cycling through the 512 row 
addresses in sequence within the specified refresh time. All 
the bits on a row are refreshed simultaneously when the row 
is addressed. Distributed refresh implies a row refresh every 
15.6 microseconds for the MCM511002A. Burst refresh, a re- 
fresh of all 512 rows consecutively, must be performed every 
8 milliseconds on the MCM511002A. 

A normal read, write, or read-write operation to the RAM 
will refresh all the bits (2048) associated with the particular 
row decoded. Three other methods of refresh, RAS only 
refresh, CS before RAS refresh, and hidden refresh are 
available on this device for greater system flexibility. 





RAS-Only Refresh 


RAS-only refresh consists of RAS transition to active, latching 
the row address to be refreshed, while CS remains high (VjH) 
throughout the cycle. An external counter is employed to 
ensure all rows are refreshed within the specified limit. 


CS Before RAS Refresh 


CS before RAS refresh is enabled by bringing CS active before 
RAS. This clock order activates an internal refresh counter 
that generates the row address to be refreshed. External ad- 
dress lines are ignored during the automatic refresh cycle. The 
output buffer remains at the same state it was in during the 
previous cycle (hidden refresh). 


Hidden Refresh 


Hidden refresh allows refresh cycles to occur while maintaining 
valid data at the output pin. Holding CS active at the end of 
a read or write cycle, while RAS cycles inactive for trp and 
back to active, starts the hidden refresh. This is essentially the 
execution of a CS before RAS refresh from a cycle in progress 
(see Figure 1). 


- MEMORY CYCLE 





Q —— HIGH Z 








CS BEFORE RAS . 
REFRESH CYCLE 


Figure 1. Hidden Refresh Cycie 


CS BEFORE RAS REFRESH COUNTER TEST 


The internal refresh counter of this device can be tested 
with a CS before RAS refresh counter test. This test is 
performed with a read-write operation. During the test, the 
internal refresh counter generates the row address, while the 
external address supplies the column address. The entire array 
is refreshed after 512 test cycles, as indicated by t the check 
data written in each row. See CS before RAS refresh 
counter test cycle timing diagram. 

The test can be performed after a minimum of eight CS 
before RAS initialization cycles. Test procedure: 





1. Write ‘‘0’’s into all memory cells with normal write mode. 

2. Select a column address, read “0” out and write ‘’1” into 
the cell by performing the CS before RAS refresh 
counter test, read-write cycle. Repeat this operation 
512 times. 

3. Read the "1's which were written in step 2 in normal read ~ 
mode. | 

4. Using the same column address as in step 2, read ‘'1” 
out and write “0” into the cell by performing the CS 
before RAS refresh counter test, read-write cycle. 
Repeat this operation 512 times. 

5. Read “0’’s which were written at in step 4 in normal read 
mode. 

6. Repeat steps 1 to 5 using complement data. 

TEST MODE 


Internal organization of this device (256K x 4) allows it to be 
tested as if it were a 256K x 1 DRAM. Only nine of the ten 
addresses (A0-A8) are used in test mode; AQ is internally 
disabled. A test mode write cycle writes data, D (data in), to 
a bit in each of the four 256K x 1 blocks (BO-B3), in parallel. 
A test mode read cycle reads a bit in each of the four blocks. 
If data is the same in all four bits, OQ (data out) is the same as 


the data in each bit. If data is not the same in all four bits, Q 


is high Z. See truth table and block diagram. 

Test mode can be used in any timing cycle, including page 
mode cycles. The test mode function is enabled by holding 
the “TF” pin on “super voltage” for the specified period (tTES, 
tTEHR, tTEHC: see TEST MODE CYCLE). . 


“Super voltage” = Vcc + 4.5 V 


where 
4.5V<Vcc <5.5 V and maximum voltage = 10.5 V. 
AQ is ignored in test mode. In normal operation, the “TF” 
pin must either be connected to Vii, or left open. 


CS BEFORE RAS 
REFRESH CYCLE 


a 
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Vit - 
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Vit - 
Vi - 


Vit - 


ae base 


Test Mode Truth Table 






TEST MODE CYCLE 





TEST FUNCTION BLOCK DIAGRAM 


(A9) 


Ay, Ay 256K 


ca 


256K 
a? 


NORMAL 


ES 
D ES 


() 
ie 3 LILI 
eae Cae La 
256K cl! 


BLOCK 
B3 


Ay, Ay 


a 


NORMAL 
O O 


TF 
ee Q 


NORMAL 
O O 


ne 


ORDERING INFORMATION 


(Order by Full Part Number) 


MCM 511002A X XX 


Motorola Memory Prefix 


Part Number 


Full Part Numbers—MCM511002AP70 
MCM511002AP80 
MCM511002AP10 


XX 
| eee Method (R2= Tape & Reel, 


Blank = Rails) 


Speed (70= 70 ns, 80=80 ns, 
10= 100 ns) 


Package (P = 300 mil Plastic DIP, 
J =300 mil SOJ, Z= Plastic ZIP) 


MCM511002AJ70R2 


MCM511002AJ70 MCM511002AZ70 
MCM511002AJ80 MCM511002AJ80R2 MCM511002AZ80 
MCM511002AJ10 §©MCM511002AJ10R2 MCM511002AZ10 
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a SEMICONDUCTOR 
TECHNICAL DATA 





MCM514100 
MCM51L4100 





Advance Information 
4M x1 CMOS Dynamic RAM 


Page Mode Seaenabe 
PLASTIC 
The MCM514100 is a 0.81 CMOS high-speed, dynamic random access memory. It is SMALL OUTLINE 
organized as 4,194,304 one-bit words and fabricated with CMOS silicon-gate process CASE 822A 


technology. Advanced circuit design and fine line processing provide high performance, 
improved reliability, and low cost. 
The MCM514100 requires only 11 address lines; row and column address inputs are 





multiplexed. The device is packaged in a standard 350-mil-wide J-lead small outline pack- P a mee ee. «=Z PACKAGE 
age, and a 100-mil zig-zag in-line package (ZIP). See PLASTIC 
@® Three-State Data Output ZIG-ZAG ae 
© Common t/O with Early Write © CASE 
@ Fast Page Mode 
@ Test Mode 
@ TTL-Compatible Inputs and Output 
@ RAS Only Refresh 
@ CAS Before RAS Refresh | | Address Input 
@ Hidden Refresh Dailies 
@ 1024 Cycle Refresh: MCM514100 = 16 ms Read/Write chats 
MCM51L4100 = 128 ms Row Address Strobe 
@ Unlatched Data Out at Cycle End Allows Two Dimensional Chip Selection CAS Column Address Strobe 
@ Fast Access Time (tRAc): Power (+5 V) 
MCM514100-80 and MCM51L4100-80 = 80 ns (Max) 
MCM514100-10 and MCM51L4100-10 = 100 ns (Max) No Connection 





@ Low Active Power Dissipation: 
MCM514100-80 and MCM51L4100-80 = 550 mW (Max) 
MCM514100-10 and MCM51L4100-10 = 468 mW (Max). 
@ Low Standby Power Dissipation: 
MCM514100 and MCM51L4100 = 11 mW (Max, TTL Levels) 
MCM514100 =5.5 mW (Max, CMOS Levels) 
MCM51L4100 = 2.2 mW (Max, CMOS Levels) 













ZIG-ZAG IN-LINE 





SMALL OUTLINE 


PIN ASSIGNMENT 


This document contains information on a new product. Specifications and information herein are subject to change without notice. 
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BLOCK DIAGRAM 


#2 CLOCK 
GENERATOR 


COLUMN 





=| 
al =| 
e 






DATA IN D 


mie BUFFER 
DATA OUT 0 
BUFFER 
















ADDRESS 
BUFFERS (11) COLUMN 
: DECODER 
A2 
: SENSE AMP 
10 GATING 
A4 
A5 REFRESH 
he COUNTER (10) 4096 
“ ig! @ee 
AB 
Gs ROW 
= il 






gurrens in) [0 pei 
) | DECODER ARRAY 

SUBSTRATE BIAS Vec 

GENERATOR Vss 


tL 


= #1 CLOCK 
RAS GENERATOR 


ABSOLUTE MAXIMUM RATINGS (See Note) 


[Rating | Symbol | Value | Unit 
0 ma 
[600 | mn 












This device contains circuitry to protect the 
inputs against damage due to high static 
voltages or electric fields; however, it is ad- 
vised that normal precautions be taken to 
avoid application of any voltage higher than 
maximum rated voitages to this high-imped- 
ance circuit. 


[Power Dissipation TP 
Operating Temperature Range 
Storage Temperature Range 


NOTE: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are 
exceeded. Functional operation should be restricted to RECOMMENDED OPER- 
ATING CONDITIONS. Exposure to higher than recommended voltages for extended 
periods of time could affect device reliability. 
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DC OPERATING CONDITIONS AND CHARACTERISTICS 
(Vcc =5.0 V +10%, Ta=0 to 70°C, Unless Otherwise Noted) 





RECOMMENDED OPERATING CONDITIONS 


Supply Voltage (Operating Voltage Range) 


Logic High Voitage, All Inputs 
Logic Low Voltage, All Inputs 





DC CHARACTERISTICS 










Vcc Power Supply Current 
MCM514100-80 and MCM51L4100-80, tac = 150 ns 
MCM514100-10 and MCM51L4100-10, tac = 180 ns 






Vcc Power Supply Current During RAS only Refresh Cycles (CAS = Vip) 
MCM514100-80 and MCM51L4100-80, tac = 150 ns 
MCM514100-10 and MCM51L4100-10, tac = 180 ns 


- Vcc Power Supply Current During Fast Page Mode Cycle (RAS = Vj,_) 
MCM514100-80 and MCM51L4100-80, tpc =50 ns 
MCM514100-10 and MCM51L4100-10, tpc =60 ns 


Vcc Power Supply Current (Standby) (RAS = CAS = Vcc — 0.2 V) MCM514100 Iccs 1.0 mA 
MCM51L4100 400 pA 


Vcc Power Supply Current During CAS Before RAS Refresh Cycle 
MCM514100-80 and MCM51L4100-80, tac = 150 ns 
MCM514100-10 and MCM51L4100-10, tac = 180 ns 


Vcc Power Supply Current, Battery Backup Mode—MCM51L4100 only _ 
(tac = 125 us; tras=1 us; CAS=CAS Before RAS Cycle or 0.2 V; AO-A10, W, 
D=Vcc — 0.2 V or 0.2 V) 


input Leakage Current OV=Vne6SV)SSCSC~S~S gy | =O | 
[Output Leekage Current (CAS=Viy, OVEVonz55V)SS~*d agi) | 10 | 10 | A 
[Output High Voltage igu=-Sma)SSCSC~*~“~‘~*~*~*~*~s*‘sSV Pw | Td 
Output Low Voltage ign=42ma)—SSCSC~—SCSC Y= Po 




























CAPACITANCE (f= 1.0 MHz, Ta =25°C, Vcc=5 V, Periodically Sampled Rather Than 100% Tested) 
Parameter 


Input Capacitance AO-A10, D 
RAS, CAS, x 


Output Capacitance (CAS = Vj}; to Disable Output) 





NOTES: 
1. All voltages referenced to Vss. 
2. Current is a function of cycle rate and output loading; maximum current is measured at the fastest cycle rate with the output open. 
3. Capacitance measured with a Boonton Meter or effective capacitance calculated from the equation: C = IAt/AV. 
4. Measured with one address transition per page mode cycie. 
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AC OPERATING CONDITIONS AND CHARACTERISTICS 
(Vcc =5.0 V +10%, Ta=0 to 70°C, Unless Otherwise Noted) 





READ, WRITE, AND READ-WRITE CYCLES (See Notes 1, 2, 3, and 4) 


MCM514100-80 MCM514100-10 
Parameter MCM51L4100-80 MCM51L4100-10 Notes 
[Standard] Avwrato| man Mex [min [Max — 


[Random Read or White GyceTme [treat | inc [190 | - | wo | - | m] = 

[Read-Wite Cycle Time _——=—SS~w rs ne | two | 8 | - | 20 | - |] 5 

[Page Mode CycleTime——~=S~=~stceuce | tec | | | | Cdl | 

Page Mode Read-Wite Cycle Time ——_‘[tcexcer | tawe | 7 | - | #0 | - |] 

mac | - | # | - | mw [| |o7] 

wa [= | © [=] 9 | re 
C 













A 
vs aK 
[Output Butter and Tumn-OW Deay | tcenaz | torr [0 | 2 | 0 | 2 | ma | 
FTrenstion Time (Rise and Fal) ———+|~—tr_—| [a | | 3 | 0 | m | 
[RAS Precharge Time ——~S~*~*~S~Sw amen | emp | | | | (de 
[RAS Pulse Wicth ___———~—~S~w ane | tras | 20 | 10,000 | 100 | 10,000 
[RAS Pulse Width (Feet Pape Mods) [taeiren| ‘rasp | 0 | 200000 | 100 | 200.000 
sn | | 
tcas | 20 
taco | 20 | 
cap | 6 
tcp | 10 

imei 

Ear 

oo] 

15] 

<a 














ne 
ase 
aii 











(continued) 


NOTES: 
1. Vipj min and Vi, max are reference levels for measuring timing of input signals. Transition times are measured between Vi} and Vj,. 
2. An initial pause of 200 us is required after power-up followed by 8 RAS cycles before proper device operation is guaranteed. 
3. The transition time specification applies for all input signals. In addition to meeting the transition rate specification, all input signals must 
transition between Vip and Vi, (or between Vi, and Vj}) in a monotonic manner. 
4. AC measurements ty = 5.0 ns. 
5. The specifications for tac (min) and tawc (min) are used only to indicate cycle time at which proper operation over the full temperature 
range (0°C <T,a <70°C) is assured. 
. Measured with a current load equivalent to 2 TTL (—200 pA, +4 mA) loads and 100 pF with the data output trip points set at 
VOH =2.0 V and Vo, =0.8 V. 
. Assumes that tacp <trcp (max). 
. Assumes that tacp 2tRcp (max). 
. Assumes that trap 2tRAp (max). 
- torr (max) defines the time at which the output achieves the open circuit condition and is not referenced to output voltage levels. 
. Operation within the tacp (max) limit ensures that trac (max) can be met. trcp (max) is specified as a reference point only; if tacp is 
greater than the specified tacp (max) limit, then access time is controlled exclusively by tcc. 
12. Operation within the tap (max) limit ensures that trac (max) can be met. trap (max) is specified as a reference point only; if trap is 
greater than the specified trap (max), then access time is controlled exclusively by ta. 


oO 


—- OO Own 


oe meh 
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READ, WRITE, AND READ-WRITE CYCLES (Continued) 


MCM514100-80 MCM514100-10 
MCM51L4100-80 MCM51L4100-10 


Notes | 
ee ee ee 












Parameter 


[Read Command Setup Time | twacer | tres [0 

Read Command Hold Time Referenced to CAS tceuwx| tracy | 0 | -— | o | — [ons | 13 | 
Read Command Hold Time Referenced to RAS ftreHwx] terry | Oo | — | o | - | ns | 13 | 
Write Command Hold Time Referenced to CAS ftceewH | twch | 15 | -— | 2 | - | ns] | 
Write Command Hold Time Referenced to RAS tRELWH | — | 7% | — | nf | 
Write Command Pulse Width tWLWH | - | 2 | - ||] | 
Write Command to RAS Lead Time | 25 | 

Write Command to CAS Lead Time 
Data in Setup Time | tpovce. | tos _| 
Data in Hold Time | tcetpx | to _| 
Data in Hold Time Referenced to RAS | tretpx | toHR _| 
Refresh Period MCM514100 fae eee 

MCM51L4100 
L 
| towp _ 


tREL 
Write Command Setup Time 
ta 









CAS to Write Delay tCELWL tCwD 


RAS to Write Delay 
Column Address to Write Delay Time 
CAS Precharge to Write Delay Time (Page Mode) 

BE before FA 
CAS Hold Time for CAS Before RAS Refresh 
RAS Precharge to CAS Active Time tREHCEL 


CAS Precharge Time for CAS Before RAS Counter | tcEHCEL 
Test 


Write Command Set Up Time (Test Mode) tWLREL 
Write Command Hold Time (Test Mode) tRELWH 


Write to RAS Precharge Time (CAS Before RAS tWHREL 
Refresh) 


Write to RAS Hold Time (CAS Before RAS Refresh) | trerwe | twRH 


” 
® 
ot 
Cc 
GS 
=a 
3 
@® 
~ 
o 
= 
je] 
g. 
g 
@® 
Ps) 
S 
@ 
a 
1 





NOTES: 

13. Either thRH or tac} must be satisfied for a read cycle. 

14, These parameters are referenced to CAS leading edge in early write cycles and to W leading edge in read-write cycles. 

15. twos. trwpb. tcwob. tawpD and tcpwp are not restrictive operating parameters. They are included in the data sheet as electrical 
characteristics only; if twwcs2=twcs (min), the cycle is an early write cycle and the data out pin will remain open circuit (high impedance) 
throughout the entire cycle; if tcwp=tcwp (min), tkawp=trRwp (min), tawp =tawpD (min), and tcpwp2=tcpwp (min) (page mode), 
the cycle is a read-write cycle and the data out will contain data read from the selected cell. If neither of these sets of conditions is satisfied, 
the condition of the data out (at access time) is indeterminate. | 
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READ CYCLE 
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2 READ-WRITE CYCLE 
‘awe —————— 


tRAS tRP 
ae Vi — 
RAS 
- tRSH 
tRCD 'RWL tcp 
CHS 
weJ | RS 
oe Ease 
"= ree  t-— de 
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* RXXX mort T hk TKIIXXKKXX 
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0 pe 
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FAST PAGE MODE EARLY WRITE CYCLE 
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RAS ONLY REFRESH CYCLE 
(W and A10 are Don’t Care) 
tre 


tap 
__ Vin —- tRAS 
RAS | 
CRP RPC 
a VV 
wn LW 


tASR 
Vin - tRAH 


wow ne Naa KX RKRRKK KK RREXEXKX KEKE 
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CAS BEFORE RAS REFRESH CYCLE 
(AO to A10 are Don’t Care) 
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HIDDEN REFRESH CYCLE (READ) 


TRAS 
'RAS 


tRC 
trp 
Viq 
Vit - \ 
tcRP 
: -tRCD tRSH tc 
Vin - 
aS 
Vi — 


> °] 
> 
i?) 


HR ‘cp 
§ 
(RAD oe al ML | | 
a P| tRAH 
Vi —- 
roms "SON te KONC ast_XRXKRKRXK NRK KKK 


tRCS ad tRRH twrp tWRH 


id | 
"RRR, KY NORKRRERKER 


=| 


'CAC 
tRAC tOFF 
_ a 
VoL - 
'CLZ 
HIDDEN REFRESH CYCLE (EARLY WRITE) 


t 
'RAS 'RAS 


RC 
trp 

= Viq 
RAS ; 

Vit - 

tcRP tcp 
| ql tRcD {RSH tCHR 

-_ Vin - 
CAS 

Vit - 

tRAD 


tAR — 
'RAH 


7 
cmos "ie KRM s_ MRRR KX KK KR EKKKEKRKRIN 


tWCR twWRP tWRH 
tRWL 

ViH — tWCH 
OR He VX NXEXKKKKXKKRXE 

tos 1 tH 

iH — ) 
TE OL00,00.00 M Le COCCeCeCeeeeeeeT eee. 
tDHR 
Q (DATA OUT) oe crc HIGH Z 


Vou - 
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Vin - 


Vit - 


Vin - 
ADDRESSES 


Vit - 


READ CYCLE 


Vou ~ 
Q (DATA OUT) 


VoL - 
twrRP 


Vin - 
te V\A 
° Vit ~ We, 
EARLY WRITE CYCLE 

Vou - | 


Q (DATA OUT) 
VoL - 
twaP 
ViH - 
W XY 
VIL - 
D (DATA IN) 


Vit — 


READ-WRITE CYCLE 
Vou — 
Q (DATA QUT) 
Vo 


twrP 


=i 


Vin - 
D (DATA IN) 


=e 
=] 
oe 


1 XXX) 


t- AAV 
Vit - WY) 


CAS BEFORE RAS REFRESH COUNTER TEST CYCLE 


tRAS <—s}— inp 


; 'RSH 
tcSR é | 
oS ViIH — S 
Vit - | 
taSC pea 
OCC CCC’ Ge 


KOOKS 


(CAC —> 
tRAL . 
| — ae 
aa ) 
HIGH Z XX VALID DATA ) 


t 
all tWRH tacs clz L-tRRH 
XXX 
- [\i\ 
¥ RCH | 
ars 


GH Z 
'RWL 


Se eae os we VIII 
OOOATT TH i WO KKK 


eld re iz 
XOQO KY 












VALID DATA 


ICAC 
tcLz tOFF 


| 
i! ¢, cc 
WAH rae ‘AA > tcWL _ 
al tawD | tRWL 
Ow AXYXXKY 


tcwo——> twp 


10 DIX KAKA we SOOO OOD 


‘ps ‘DH 
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DEVICE INITIALIZATION 


On power-up an initial pause of 200 microseconds is required 
for the internal substrate generator to establish the correct 
bias voltage. This must be followed by a minimum of eight 
active cycles of the row address strobe (clock) to initialize all 
dynamic nodes within the RAM. During an extended inactive 
state (greater than 16 milliseconds with the device powered 
up), a wake up sequence of eight active cycles is necessary 
to assure proper operation. 


ADDRESSING THE RAM 


The eleven address pins on the device are time multiplexed 
at the beginning of a memory cycle by two clocks, row address 
strobe (RAS) and column address strobe (CAS), into two sep- 
arate 11-bit address fields. A total of twenty two address bits, 
eleven rows and eleven columns, will decode one of the 
4,194,304 bit locations in the device. RAS active transition is 
followed by CAS active transition (active=Vj_, tr¢p _mini- 
mum) for all read or write cycles. The delay between RAS and 
CAS active transitions, referred to as the multiplex window, 
gives a system designer flexibility in setting up the external 
addresses into the RAM. 

The external CAS signal is ignored until an internal RAS 
signal is available. This “gate” feature on the external CAS 
clock enables the internal CAS line as soon as the row address 
hold time (tRAH) specification is met (and defines tacp min- 
imum). The multiplex window can be used to absorb skew 
delays in switching the address bus from row to column ad- 
dresses and in generating the CAS clock. 

There are three other variations in addressing the 4M RAM: 
RAS only refresh cycle, CAS before RAS refresh cycle, 
and page mode. All three are discussed in separate sections 
that follow. 





READ CYCLE 


The DRAM may be read with four different cycles: ‘‘normal”’ 
random read cycle, page mode read cycle, read-write cycle, 
and page mode read-write cycle. The normal read cycle is 
outlined here, while the other cycles are discussed in separate 
sections. 

The normal read cycle begins as described in ADDRESS- 
ING THE RAM, with RAS and CAS active transitions latching 
the desired bit location. The write (W) input level must be high 
(Vin), tacs (minimum) before the CAS active transition, to 
enable read mode. 

Both the RAS and CAS clocks trigger a sequence of events 
which are controlled by several delayed internal clocks. The 
internal clocks are linked in such a manner that the read access 
time of the device is independent of the address multiplex 
window. However, CAS must be active before or at tacp 
maximum to guarantee valid data out (Q) at trac (access time 
from RAS active transition). If the taCp maximum is exceeded, 
read access time is determined by the CAS clock active tran- 
sition (tCAc). 

The RAS and CAS clocks must remain active for a minimum 
time of tRAS and tcas respectively, to complete the read 
cycle. W must remain n high throughout the cycle, and for time 
tRRH Or tRCH after RAS or CAS inactive transition, respec- 
tively, to maintain the data at that bit location. Once RAS 
transitions to inactive, it must remain inactive for a minimum 
time of trp to precharge the internal device circuitry for the 


next active cycle. Q is valid, but not latched, as long as the 


CAS clock is active. When the CAS clock transitions to in- 


active, the output will switch to High Z (three-state). 


WRITE CYCLE 


The user can write to the DRAM with any of four cycles; 
early write, late write, page mode early write, and page mode 
read-write. Early and late write modes are discussed here, while 
page mode write operations are covered in another section. 

A write cycle begins as described in ADDRESSING THE 
RAM. Write mode is enabled by the transition of W to active 
(Vii). Early and late write modes are distinguished by the active 
transition of W, with respect to CAS. Minimum active time 
tRAS and tcas, and precharge time trp apply to write mode, 
as in the read mode. 

An early write cycle is characterized by W active transition 
at minimum time twcs before CAS active transition. Data in 
(D) is referenced to CAS in an early write cycle. RAS and CAS 
clocks must stay active for tnyy_L and tcw_, respectively, 
after the start of the early write operation to complete the 
cycle. 

Q remains in three-state condition throughout an early write 
cycle because W active transition precedes or coincides with 
CAS active transition, keeping data-out buffers disabled. This 
feature can be utilized on systems with a common I/O bus, 
provided all writes are performed with early write cycles, to 
prevent bus contention. 

A late write cycle occurs when W active transition is made 
after CAS active transition. W active transition could be de- 
layed for almost 10 microseconds after CAS active transition, 
(tRCD+tcwD+tRWL+2tT) SstRAS, if other timing mini- 
mums (tRCp, tRWL and ty) are maintained. D is referenced 
to W active transition in a late write cycle. Output buffers are 
enabled by CAS active transition but OQ may be indeterminate — 
see note 15 of AC operating conditions table. RAS and CAS 
must remain active for thw L and tcwL, respectively, after Ww 
active transition to complete the write cycle. 


READ-WRITE CYCLE 


A read-write cycle performs a read and then a write at the 
same address, during the same cycle. This cycle is basically 
a late write cycle, as discussed in the WRITE CYCLE section, 
except W must remain high for tecwp minimum after the CAS 
active transition, to guarantee valid Q before writing the bit. 


PAGE MODE CYCLES 


Page mode allows fast successive data operations at all 2048 
column locations on a selected row of the 4M dynamic RAM. 
Read access time in page mode (tcAc) is typically half the 
regular RAS clock access time, trac. Page mode ode operation 
consists of keeping RAS active while. toggling CAS between 
VIH and Vit. The row is latched by RAS active transition, 
while each CAS active transition allows selection of a new- 
column location on the row. 

A page mode cycle is initiated by a normal read, write, or 
read-write cycle, as described in prior sections. Once the timing 
requirements for the first cycle are met, CAS transitions to 
inactive for minimum of tcp, while RAS remains low (Vj). 
The second CAS active transition while RAS is low initiates 
the first page mode cycle (tpc or tpRWwc). Either a read, write, 
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or read-write operation can be performed in a page mode cycle, 
subject to the same conditions as in normal operation (pre- 
viously described). These operations can be intermixed in con- 
secutive page mode cycles and performed in any order. The 
maximum number of consecutive page mode cycles is limited 
by trasp. Page mode operation is ended when RAS transi- 
tions to inactive, coincident with or following CAS inactive 
transition. 


REFRESH CYCLES 


The dynamic RAM design is based on capacitor charge 
storage for each bit in the array. This charge will tend to 
degrade with time and temperature. Each bit must be period- 
ically refreshed (recharged) to maintain the correct bit state. 
Bits in the MCM514100 require refresh every 16 milliseconds, 
while refresh time for the MCM51L4100 is 128 milliseconds. 

This is accomplished by cycling through the 1024 row ad- 
dresses in sequence within the specified refresh time. All the 
bits on a row are refreshed simultaneously when the row is 
addressed. Distributed refresh implies a row refresh every 15.6 
microseconds for the MCM514100, and 124.8 microseconds 
for the MCM51L4100. Burst refresh, a refresh of all 1024 rows 
consecutively, must be performed every 16 milliseconds on 
the MCM514100 and 128 milliseconds on the MCM51L4100. 

A normal read, write, or read-write operation to the RAM 
will refresh all the bits (4096) associated with the particular 
row decoded. Three other methods of refresh, RAS-only re- 
fresh, CAS before RAS refresh, and hidden refresh are 
available on this device for greater system flexibility. 


RAS-Only Refresh 


RAS-only refresh consists of RAS transition to active, latch- 
ing the row address to be refreshed, while CAS remains high 
(Viz) throughout the cycle. An external counter is employed 
to ensure all rows are refreshed within the specified limit. 


CAS Before RAS Refresh 

CAS before RAS refresh is enabled by bringing CAS active 
before RAS. This clock order activates an internal refresh 
counter that generates the row address to be refreshed. Ex- 
ternal address lines are ignored during the automatic refresh 


CAS BEFORE RAS 
REFRESH CYCLE 


MEMORY CYCLE 







Q ~~ HIGH Z 





cycle. The output buffer remains at the same state it was in 
during the previous cycle (hidden refresh). W must be inactive 
for time twrp before and time twrRu after RAS active tran- 
sition to prevent switching the device into a test mode cycle. 


Hidden Refresh 


Hidden refresh allows refresh cycles to occur while main- 
taining valid data at the output pin. Holding CAS active the 
end of a read or write cycle, while RAS cycles inactive for tap 
and back to active, starts the hidden refresh. This is essentially 
the execution of a CAS before RAS refresh from a cycle in 
progress (see Figure 1.) W is subject to the same conditions 
with respect to RAS active transition (to prevent test mode 
cycle) as in CAS before RAS refresh. 


CAS BEFORE RAS REFRESH COUNTER TEST 


The internal refresh counter of this device can be tested 
with a CAS before RAS refresh counter test. This test is 
performed with a read-write operation. During the test, the 
internal refresh counter generates the row address, while the 
external address supplies the column address. The entire array 
is refreshed after 1024 cycles, as indicated by the check data 
written in each row. See CAS before RAS refresh counter 
test cycle timing diagram. 

The test can be performed after a minimum of 8 CAS before 
RAS initialization cycles. Test procedure: 


1. Write ‘0’’s into all memory cells with normal write mode. 
Select a column address, read ‘0’ out and write “1” into 
the cell by performing the CAS before RAS refresh 
counter test, read-write cycle. Repeat this operation 
1024 times. . 

3. Read the “1’’s which were written in step 2 in normal read 
mode. 

4. Using the same starting column address as in step 2, read 
1’ out and write “0” into the cell by performing the CAS 
before RAS refresh counter test, read-write cycle. 
Repeat this operation 1024 times. 

5. Read ‘0’’s which were written in step 4 in normal read 
mode. 

6. Repeat steps 1 to 5 using complement data. 


CAS BEFORE RAS 
REFRESH CYCLE 





Figure 1. Hidden Refresh Cycle 
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TEST MODE the internal test mode logic of the device. See truth table and 
The internal organization of this device (512K x 8) allows it test mode block diagram following. 

to be tested as if it were a 512K x 1 DRAM. Nineteen of the Test mode is enabled by performing a test mode cycle 

twenty two addresses are used when operating the device in (see test mode timing diagram and parameter specifications 

test mode. Row address A10, and column addresses AO and table). Test mode is disabled by a RAS only refresh cycle or 

A10 are ignored by the device in test mode. A test mode cycle CAS before RAS refresh cycle. The test mode performs 

reads and/or writes data to a bit in each of the eight 512K refresh with the internal refresh counter like a CAS before 


blocks (BO-B7) in parallel. External data out is determined by RAS refresh. 


Test Mode Truth Table 


Any Other 





TEST MODE 
AC OPERATING CONDITIONS AND CHARACTERISTICS 
(Vcc =5.0 V + 10%, Ta=0 to 70°C, Unless Otherwise Noted) 


READ, WRITE, AND READ-WRITE CYCLES (See Notes 1, 2, 3, and 4) 


MCM514100-80 MCM514100-10 
Sand Atwaie |main| Mx [min [Mx 
ce 


Random Read or Write Cycle Time itrecreL | tac | 15 | — | 

Page Mode Cycle Time tees | tec | 8 | - | 6 | - [wm] | 
Access Time from CAS Ptcerav | tcac | - | 2 | - | » | m= [oe 
RAS Pulse Width iewnew | teas | 88 | 10,000 | 105 | 10,000 | ne | 
RAS Pulse Width (Fest Page Mode) nevnen| tase | 85 | 200,000 | 105 | 200,00 | ne |_| 




















[CAS Hold Time tcsH_ | 8 | - | 105 | os | 
CAS Pulse Width ltcercen | tcas | 25 | 10,000 | 30 | 10,000 | ns | 
Column Address to RAS Lead Time [tavreH | tra, | 4 | — | 8 | ons | 
CAS to Write Delay ftcewm. | towo | 2 | - | 3% | = | ns | 10 | 


RAS to Write Delay [tree | trwo | 8 | — | 105 || | 10 | 
[Column Address to Write Delay Time | tava | tawn | 4 | | Tons | 10 
CAS Precharge to Write Delay Time (Page Mode) | tcenwi | tcpwo | 50 | - | 6 | - | ns { 10 | 


NOTES: 

1. Vipy min and Vi, max are reference levels for measuring timing of input signals. Transition times are measured between Vi} and Vj, . 

2. An initial pause of 200 ys is required after power-up followed by 8 RAS cycles before proper device operation is guaranteed. 

3. The transition time specification applies for all input signals. In addition to meeting the transition rate specification, all input signals must 
transition between Vi} and Vi, (or between Vi; and Vj}4) in a monotonic manner. 

4. AC measurements ty = 5.0 ns. 

5. The specifications for tac (min) and trwc (min) are used only to indicate cycle time at which proper operation over the full temperature 
range (0°C <Ta <= 70°C) is assured. 

6. Measured with a current load equivalent to 2 TTL (—200 pA, +4 mA) loads and 100 pF with the data output trip points set at 

VOH =2.0 V and Vo, =0.8 V. 

. Assumes that tpcp strcp (max). 

. Assumes that tpcp2trcp (max). 

. Assumes that tRaD2=tRAD (max). 

- twcs. trwp. tcwpb. tawD and tcpwp are not restrictive operating parameters. They are included in the data sheet as electrical 
characteristics only; if twcs =twcs (min), the cycle is an early write cycle and the data out pin will remain open circuit (high impedance) 
throughout the entire cycle; if tcywp2=tcwp (min), tawp2=trRwp (min), tawp2=tawp (min), and tcpwp =tcpwp (min) (page mode), 
the cycle is a read-write cycle and the data out will contain data read from the selected cell. If neither of these sets of conditions is satisfied, 
the condition of the data out (at access time) is indeterminate. 
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TEST MODE BLOCK DIAGRAM 





ADDRESSES 





Vec 


: OQQQ00 0 
A ; 
NORMAL 


512K BLOCK 
BO 
e 
TEST MODE © 


- 512K BLOCK & 
B1 TUT 
VRE. 
SS8 a im 
an ae 
Se ee 
jl 
z 512K BLOCK —4 
2 EI BD: 
ADDRESSES 
0 SARGERAS Qo 
YT TTT TTT 
Tit iT tt tg 
eit tt tty 





& 
Bias ee ee 


a 
r] 
i 
NORMAL 
DIN e 512K BLOCK 
| . B4 | 


TEST MODE 
512K BLOCK 
B5 
| om”. 
Tj} 
au 
a6 6 ay 
eeLgeega 
euasnaea@ 


512K BLOCK 
5 BEGG 


B6 


. TEST MODE © 
ADDRESSES 0 
BO A1OR, A10C, AOC 512K BLOCK NORMAL 9 
B1 A10R, A10C, AOC B7 


B2 A10R, A10C, AOC 


Dout 


B3 A10R, A10C, AOC ODOOOOCOOO 
B4 ATOR, A10C, AOC 

B5 ATOR, A10C, AOC 7 

B6 ATOR, A10C, AOC ADDRESSES 
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TEST MODE CYCLE 
(D and AO to A10 are Don’t Care) 


_ Vn- 
RAS 


Vi — tRPC 


tCHR 


ie a cena 
AG t 
ma XY Yr 


Vit - 


"” TID 


tOFF 


=| 


Vou - 
Q DATA OUT ’ 
VoL — 


tre 
tRP 


tRAS 


WLLL LL 


WUUULMMUMMLMM ML 


HIGH Z 


ORDERING INFORMATION 
(Order by Full Part Number) 


MCM 514100 or 5114100 X XX XX 


Motorola Memory Prefix 


Part Number 


Full Part Numbers—MCM514100J80 
MCM514100J 10 


MCM51L4100J80 
MCM51L4100J 10 


Shipping Method (R2= Tape & Reel, 
Blank = Rails) 


Speed (80 =80 ns, 10= 100 ns) 


Package (J = Plastic SO with J leads, 


Z= Plastic ZIP) 
MCM514100J80R2 MCM514100Z80 
MCM514100J10R2 MCM514100Z10 
MCM51L4100J80R2 MCM51L.4100Z80 
MCM51L4100J10R2 MCM51L4100Z10 
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MOTOROLA 
= SEMICONDVUCO ws 
TECHNICAL DATA 


NICM514256A 


256K x 4 CMOS Dynamic RAM MCM51L4256A 
Page Mode 





The MCM514256A is a 1.01 CMOS high-speed, dynamic random access memory. It is 
organized as 262,144 four-bit words and fabricated with CMOS silicon-gate process tech- 
nology. Advanced circuit design and fine line processing provide high performance, im- 
proved reliability, and low cost. - 

The MCM514256A requires only nine address lines; row and column address inputs are 
multiplexed. The device is packaged in a standard 300-mil dual-in-line package (DIP), a 
300-mil SOJ plastic package, and a 100-mil zig-zag in-line plastic package (ZIP). J PACKAGE 


Three-State Data Output sa Peart 

Fast Page Mode 

TTL-Compatible Inputs and Output 

RAS Only Refresh 

CAS Before RAS Refresh 

Hidden Refresh PLASTIC 

512 Cycle Refresh: ZIG-ZAG IN-LINE 
MCM514256A = 8 ms SN CASE 836 
MCM51L4256A = 64 ms = 

Unlatched Data Out at Cycle End Allows Two Dimensional Chip Selection 

@ Fast Access Time (tRAc): 

MCM514256A-70 and MCM51L4256A-70 = 70 ns (Max) 


P PACKAGE 
300 MIL PLASTIC 
CASE 738A 


Z PACKAGE 





MCM514256A-80 and MCM51L4256A-80 = 80 ns (Max) Address Input 
MCM514256A-10 and MCM51L4256A-10 = 100 ns (Max) Data Input/Output 
@ Low Active Power Dissipation: G Output Enable 
MCM514256A-70 and MCM51L4256A-70 = 440 mW (Max) Read/Write input 
MCM514256A-80 and MCM51L4256A-80 = 385 mW (Max) RAS Row Address Strobe 
MCM514256A-10 and MCM51L4256A-10 = 330 mW (Max) Column Address Strobe 


Power (+5 V) 


@ Low Standby Power Dissipation: 
MCM514256A and MCM51L4256A = 11 mW (Max), TTL Levels 
MCM514256A = 5.5 mW (Max), CMOS Levels 

MCM51L4256A = 1.1 mW (Max), CMOS Levels 


No Connection 








DUAL-IN-LINE 


PIN 
ASSIGNMENT 
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BLOCK DIAGRAM 





pa0-pa3 
~ DATAIN = [1g —4 
* BUFFER nia 6 
a= NO. 2 CLOCK DATA OUT — 7 
CAS GENERATOR BUFFER 5 
COLUMN ] 
ADDRESS sarge 


BUFFERS (9) poe 


AO 
Al 
A2 

REFRESH appa 
nd CONTROLLER! 512 x4 
_ COUNTER (9) 
ie SENSE AMP 
A7 ROW ADDRESS 1/0 GATING 
| 


=i 

















BUFFERS (9) |_| [9 oe 


| UE 
SS 
-— ge? lets 
GENERATOR 512 512 x 4 


SUBSTRATE m— Ver 
BIAS 
GENERATOR <+— Vss 





= 
wa 





ABSOLUTE MAXIMUM RATINGS (See Note) 


[Rating «| Symbol | [uni 
[peta Out Curent te | Om 
[Power Dissipation ——=~S~S~S~S PY 


NOTE: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are 
exceeded. Functional operation should be restricted to RECOMMENDED OPER- 
ATING CONDITIONS. Exposure to higher than recommended voltages for extended 
periods of time could affect device reliability. 


This device contains circuitry to protect the 
inputs against damage due to high static 
voltages or electric fields; however, it is ad- 
vised that normal precautions be taken to 
avoid application of any voltage higher than 
maximum rated voltages to this high-imped- 
ance circuit. 



















MOTOROLA MEMORY DATA 


2-65 


MCM514256A¢MCM51L4256A 


DC OPERATING CONDITIONS AND CHARACTERISTICS 
(Vcc =5.0 V + 10%, Ta =0 to 70°C, Unless: Otherwise Noted) 





RECOMMENDED OPERATING CONDITIONS 


| Parameter | Symbol | Min | typ | Max__| Unit | Notes _ 


oe Re ee | 
poe ee ee 


[ogie High Votage, Alinputs——SOSC~“~“~*~*~“‘~*~sSCS 


Symbol_[ Min | Max | Unit | Notes 
MCM514256A-80 and MCM51L4256A-80, trc = 150 ns 
Vcc Power Supply Current During RAS only Refresh Cycles (CAS = Vip) Icc3 
80 
70 
MCM514256A-10 and MCM51L4256A-10, tac = 180 ns 60 
MCM514256A-80 and MCM51L4256A-80, tpc = 45 ns 
Vcc Power Supply Current During CAS Before RAS Refresh Cycle 































3 
> 














Vcc Power Supply Current During Fast Page Mode Cycle (RAS = Vj,) 
MCM514256A-70 and MCM51L4256A-70, tpc = 40 ns j 






Logic Low Voltage, All Inputs | Mw {| -10 | - |{ o8 | v | 
Vcc Power Supply Current Icc1 mA 
80 
‘ 70 
MCM514256A-10 and MCM51L4256A-10, trc = 180 ns 60 
MCM514256A-70 and MCM51L4256A-70, trc = 130 ns 
Icc4 mA 
60 | 
50 
MCM514256A-10 and MCM51L4256A-10, tpc = 55 ns 40 


DC CHARACTERISTICS 
MCM514256A-70 and MCM51L4256A-70, tac = 130 ns 
| Vcc Power Supply Current (Standby) (RAS=CAS=Vin) | Stn | S| 20 | ma 
MCM514256A-80 and MCMS51L4256A-80, tac = 150 ns x 
< 
Vcc Power Supply Current (Standby) (RAS = CAS =Vcc—0.2V) | MCM514256A arcane 
: MCM51L4256A pA 
& 
esol 
aes 
Leese! 












MCM514256A-70 and MCM51L4256A-70, tac = 130 ns 
MCM514256A-80 and MCM51L4256A-80, trac = 150 ns 
MCM514256A-10 and MCM51L4256A-10, trc = 180 ns 


Vcc Power Supply Current, Battery Backup Mode —MCM51L4256A only oe 
(tac = 125 ys; tras=1 us; CAS=CAS Before RAS Cycle or 0.2 V; AO-A8, G, W, 
DQ0-DQ3=V 


















—0.2 V or 0.2 V) : 


input Leakage Curent (OV=Ving6SV)SSS*d gy 
[ourput Leakage Current (CAS= Vin, OVZVouz55V) «dng 






Parameter 
Input Capacitance 





Output Capacitance (CAS = Vi}j4 to Disable Output) DQO0-DQ3 |. Cout | 2 PE | 4 


NOTES: 
1. All voltages referenced to Vss. 
2. Current is a function of cycle rate and output loading; maximum current is measured at the fastest cycle rate with the output open. 
3. Measured with one address transition per page mode cycle. 
4. Capacitance measured with a Boonton Meter or effective capacitance calculated from the equation: C = 1At/AV. 
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AC OPERATING CONDITIONS AND CHARACTERISTICS 
(Vcc =5.0 V + 10%, Ta=0 to 70°C, Unless Otherwise Noted) 





READ, WRITE, AND READ-WRITE CYCLES (See Notes 1, 2, 3, and 4) 


MCM514256A-70 | MCM514256A-80 | MCM514256A-10 
MCM51L4256A-70 | MCMS51L4256A-80 | MCM51L4256A-10 Notes 


Standard | Alternate | Min | Max | Min | Max | 
Random Read or Write Cycle Time tRC | 0 6 | 6 — | mo | - | 
Read-Write Cycle Time tRMW | 185 | 

Fast Page Mode Cycle Time tec 
Fast Page Mode Read-Write Cycle Time tpRMW 
Access Time from RAS tRAC 
Access Time from CAS tCAC 
Access Time from Column Address tAA 
Access Time from Precharge CAS tcPA 
CAS to Output in Low-Z tCELOX 
Output Buffer and Turn-Off Delay tOFF 
Transition Time (Rise and Fall) 
RAS Precharge Time 
RAS Pulse Width tRAS 
RA tRASP 
RAS Hold Time 
CAS Hold Time tCSH 
CAS Pulse Width tcAS 
RAS to CAS Delay Time tRCD 
RAS to Column Address Delay Time tRAD 
CAS to RAS Precharge Time tcRP 
CAS Precharge Time tCPN 


CAS Precharge Time (Page Mode Cycle tCEHCEL tcp 


Row Address Setup Time tAVREL taSR 
Row Address Hold Time tRELAX tRAH 
Column Address Setup Time TAVCEL tasc 


Column Address Hold Time tCELAX | tCAH 
Column Address Hold Time Referenced to | tRELAX tAaR 


RAS 
tAVREH 






Symbol 
Parameter 








70 
70 


70 
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Column Address to RAS Lead Time tRAL 


S 
8 


(2) 
= 
= 





(continued) 


NOTES: 
1. ViH min and Vi, max are reference levels for measuring timing of input signals. Transition times are measured between Vj} and Vj, . 
2. An initial pause of 200 ys is required after power-up followed by 8 RAS cycles before proper device operation is guaranteed. 
3. The transition time specification applies for all input signals. In addition to meeting the transition rate specification, all input signals must 
transition between Vjy and Vi, (or between Vi, and Viy) ina monotonic manner. 
4. AC measurements tT = 5.0 ns. 
5. The specifications for tac (min) and tryyw (min) are used only to indicate cycle time at which proper operation over the full temperature 
' range (0°C <Ta <70°C) is assured. 
6. Measured with a current load equivalent to 2 TTL (—200 pA, +4 mA) loads and 100 pF with the data output trip points set at 
VOH =2.0 V and Voy, =0.8 V. 
7. Assumes that trcp =tRCp (max). 
8. Assumes that tpcp =trcp (max). 
9. Assumes that trap =tRAD (max). 
0. torr (max) and/or tgz (max) defines the time at which the output achieves the open circuit condition and is not referenced to output 
voltage levels. 
11. Operation within the tacp (max) limit ensures that trac (max) can be met. tRcp (max) is specified as a reference point only; if taco is 
greater than the specified trcp (max) limit, then access time is controlled exclusively by tcac. 
12. Operation within the trap (max) limit ensures that trac (max) can be met. trap (max) is specified as a reference point only; if trap is 
greater than the specified trap (max), then access time is controlled exclusively by ta. 
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READ, WRITE, AND READ-WRITE CYCLES (Continued) 


Symbol 
Standard | Alternate 


Read Command Setup Time tWHCEL 


Read Command Hold Time tCEHWX 


Read Command Hold Time Referenced to | tREHWx]| tRRH 

RAS 

Write Command Hold Time Referenced to | tcELWH 
K 

Write Command Hold Time Referenced to | tRELWH 


Write Command Pulse Width | 
Write Command to RAS Lead Time 
Write Command to CAS Lead Time tWLCEH 20 
Data In Setup Time I tpvce. | tos _| 
Data in Hold Time i tceLox | toH | 
Data In Hold Time Referenced to RAS | tReLDx | toHR | 


| Refresh Period MCM514256A/  tryrv 
MCM51L4256A 














‘Parameter 


MCM514256A-70 | MCM514256A-80 | MCM514256A-10 
MCM51L4256A-70 | MCM51L4256A-80 | MCMS51L4256A-10 Notes 





i 


> 


J 
or 


J 
= 
= 







wed re [8 
6 
ae 


Refresh 


CAS Hold Time for CAS Before RAS tRELCEH 
Refresh 


| RAS Precharge to CAS Active Time tREHCEL 


CAS Precharge Time for CAS Before RAS | tcEHCEL| tcpT 


Counter Test 


i 
G Access Time 
G to Data Delay 
Output Buffer Turn-Off Delay Time from G | tgHoz | tez | 


G Command Hold Time twic. | tcH | 


CAS Setup Time for CAS Before RAS tRELCEL 






8 
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oa 
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ae 
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GI 





NOTES: 

13. Either thRH Or tRCH must be satisfied for a read cycle. 

14. These parameters are referenced to CAS leading edge in random write cycles and to W leading edge in delayed write or read-write cycles. 

15. twcs. trwp.- tcwp,. and tawp are not restrictive operating parameters. They are included in the data sheet as electrical characteristics 
only; if twcos=twcs (min), the cycle is an early write cycle and the data out pin will remain open circuit (high impedance) throughout 
the entire cycle; if tcwp2=tcwp (min), thwp2=trwp (min), and tawp2tawp (min), the cycle is a read-write cycle and the data out 
will contain data read from the selected cell. If neither of these sets of conditions is satisfied, the condition of the data out (at access time) 
is indeterminate. 
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READ CYCLE 
'RAS tRP 
— ViH - tAR 
RAS 
M- a 
tcrp 'RSH 'CRP 
: LX f_/ 
ie aoe | 4+— 
RAL 


tASR atl tASC em 
tRAH 'CAH 
Vices 
SDN CNS Ce, MEAD VA UNUNUNNTIIUUONND 
'RCH 
ae tRRH 


pee NeNeee 





'ROH 


AA 
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tRAC "GZ 
000-003 HIGH Z (x xX VALID DATA QUT ) 
V . 


Ol ~ teLz 
EARLY WRITE CYCLE 
'RC 


tRAS tRP 
Vin —- TAR 


Mit ~ | 
tcRP 'RSH 'CRP 
os i a a 
| a 


Vit - tRAH : 
t 
taSR leew ne 
Vin — 
romesss KX XXN aonmess OX sconess _ KXXXXXXXXXXAXAXOOKY) 
“a tCWL | 
twes tWCH 


RXR "TAXES 
Daca s(t 
Ps 


VIH — 
pa0-Da3 (| VALID DATAIN' =f} HIGH Z 
Nite 
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2 G CONTROLLED LATE WRITE CYCLE 
tRC 
RAS 


ViH — TAR 


RAS 
Vit - 


tcRP reas = ‘CRP 
__ Vin- 
: KAU f_/ 


Vit - tRAD 


tASR tASC Le is 
tCAH | 
Vin - | 
mowess XM aes PX, names QO OOO IXY 
tcw.——> 
tRWL 


KOO KAKO 





tRP 


3 


0 OKO” 


5 OKO TT KKK KKK 
sven ™ YR wom KORTE 


READ-WRITE CYCLE 


tRMW 
— tRAS 
Viq - 


tRP 
tAR 
Vit - 
tCSH 
tRcD tRSH 
al a a 
7 Qo a, 
ViL - i 
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(@) 
FAST PAGE MODE READ CYCLE 2 





__ Vin- 'AR 
RAS 
ia h CRP tpc tRSH 
, i tRCD a tcp tcrP 
IH ~ tCAS tcAS ‘CAS 
. \ /} 
ie lem a 4h | 
= RAH i ie tCAH os tCAH | 
ViH — =e A : 
monesss | OOK noo XXL _ncowess PA XXYAL owes XAKM.soowess KX XQ 7 
tRCS tRCS tRCH 
tRCH | 
go SIV RV | \ 7, 
* 4 ROX | v7 W LN) 
tAA tAA tAA 
{GA tGA tGA 
_ Vin- : : | 
6 XOOO A EADOQDONE LZ XXAXXAL LAXXXXX 
tcaCc tCAc 
tRAC 
tcLz 
Vau — 
pa0-003 





OH 
\/ VALID VALID 
va. XE conta wr P——4X Mora cur 


FAST PAGE MODE EARLY WRITE CYCLE 


tRASP tRP 
V2 ” pa 






RAS 
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tcRP tpc tRSH 
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FAST PAGE MODE READ-WRITE CYCLE 
tRASP 
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RAS ONLY REFRESH CYCLE 
(W and G are Don’t Care) 





'RC 
tRP 
'RAS 


Vin— 


RAS 
Vit | 


tcrP tRPC 


F | 
== OO] WY 
'RAH 





ADDRESSES aporess XXX X) XXXXAX XXX XN 


CAS BEFORE RAS REFRESH CYCLE 
(W, G, and A0-A8 are Don’t Care) 


tRC 


tap tRAS tRP 


Vin — 


RAS Via ; 
"RPC tRPC 
tcsR 


CPN nail tCHR tCPN 


Vin — 
Vit - 


‘OFF 


Vou — 
pn0-003 HIGH Z 
VoL - 
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HIDDEN REFRESH CYCLE (READ) 





tRC tRC 
tRAS 
A 


tRP 
tRAS 


trp 
tAR 
Vit - ; 
tcRP tCHR tCRP 
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bm °] 
~” 


oO 
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Vin - 
ADDRESSES 
Vit - 


READ CYCLE 


Vin - 
W 
Vit - 


7 Vin — 
Vit - 


Vayu — 
poo-pa3 | 
VoL - 


EARLY WRITE CYCLE 


ji Vin — 
Vit - 


Vin - 
pa0-Da3 
Vit - 


READ-WRITE CYCLE 


a Vin - 
Vit - 


- Vin- 
6 
Vi - 


pa0-003 Pie 
ViVoL — 


CAS BEFORE RAS REFRESH COUNTER TEST CYCLE 
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DEVICE INITIALIZATION 


On power-up an initial pause of 200 microseconds is required 
for the internal substrate generator to establish the correct 
bias voltage. This is to be followed by a minimum of eight 
active cycles of the row address strobe (RAS) to initialize all 
dynamic nodes within the RAM. During an extended inactive 
state (greater than 8 milliseconds with the device powered up), 
a wake up sequence of eight active cycles is necessary to 
assure proper operation. 


ADDRESSING THE RAM 


The nine address pins on the device are time multiplexed at 
the beginning of a memory cycle by two clocks, row address 
strobe (RAS) and column address strobe (CAS), into two sep- 
arate 9-bit address fields. A total of eighteen address bits, nine 
rows and nine columns, will decode one of the 262,144 bit 
locations in the device. RAS active transition is followed by 
CAS active transition (active = VjL, tRCD minimum) for all read 
or write cycles. The delay between RAS and CAS active tran- 
sitions, referred to as the multiplex window, gives a system 
designer flexibility in setting up the external addresses into the 
RAM. 

The external CAS signal is ignored until an internal RAS 
signal is available. This gate feature on the external CAS clock 
enables the internal CAS line as soon as the row address hold 
time (tRAH) specification is met (and defines tapcp minimum). 
The multiplex window can be used to absorb skew delays in 
switching the address bus from row to column addresses and 
in generating the CAS clock. 

There are two other variations in addressing the 256K x 4 
RAM: RAS only refresh cycle and CAS before RAS refresh 
cycle. Both are discussed in separate sections that follow. 


READ CYCLE 


The DRAM may be read with four different cycles: normal 
random read cycle, page mode read cycle, read-write cycle, 
and page mode read-write cycle. The normal read cycle is 
outlined here, while the other cycles are discussed in separate 
sections. 

The normal read cycle begins as described in ADDRESS- 
ING THE RAM, with RAS and CAS active transitions latching 
the desired bit location. The write (W) input level must be high 
(Vin), tacs (minimum) before the CAS active transition, to 
enable read mode. 

Both the RAS and CAS clocks trigger a sequence of events 
which are controlled by several delayed internal clocks. The 
internal clocks are linked in such a manner that the read access 
time of the device is independent of the address multiplex 
window. Both CAS and output enable (G) control read access 
time: CAS must be active before or at tacp maximum and G 
must be active tRAC-tGA (both minimum) after RAS active 
transition to guarantee valid data out (Q) at tRac (access time 
from RAS active transition). If the tac¢p maximum is exceeded 
and/or G active transition does not occur in time, read access 
time is determined by either the CAS or G clock active transition 
(tCAC OrtGA). 

The RAS and CAS clocks must remain active for a minimum 
time of tRAS and tcas, respectively, to complete the read 
cycle. W must remain high throughout the cycle, and for time 
tRRH Or tRCH after RAS or CAS inactive transition, respec- 
tively, to maintain the data at that bit location. Once RAS 


transitions to inactive, it must remain inactive for a minimum 
time of trp to precharge the internal device circuitry for the 
next active cycle. QO is valid, but not latched, as long as the 
CAS and G clocks are active. When either the CAS or G clock 
transitions to inactive, the output will switch to High Z, torr 
or tGz after inactive transition. 


WRITE CYCLE 


The DRAM may be written with any of four cycles: early 
write, late write, page mode early write, and page mode read- 
write. Early and late write modes are discussed here, while 
page mode write operations are covered in another section. 

A write cycle begins as described in ADDRESSING THE 
RAM. Write mode is enabled by the transition of W to active 
(Vi,). Early and late write modes are distinguished by the active 
transition of W, with respect to CAS. Minimum active time 
tRAS and tcAs, and precharge time trp apply to write mode, 
as in the read mode. 

An early write cycle is characterized by W active transition 
at minimum time twcs before CAS active transition. Data In 
(D) is referenced to CAS in an early write cycle. RAS and CAS 
clocks must stay active for tRwL and tcwL, respectively, 
after the start of the early write operation to complete the 
cycle. 

Q remains High Z throughout an early write cycle because 
W active transition precedes or coincides with CAS active 
transition, keeping data out buffers disabled, effectively dis- 
abling G. 

A late write cycle (referred to as G controlled write) occurs 
when W active transition is made after CAS active transition. 
W active transition could be delayed for almost 10 microse- 
conds after CAS active transition, (tacpD+tCcWD+tRWL 
+tT) StRAS, if timing minimums trcp, tRWL, and tT are 
maintained. D is referenced to W active transition in a late 
write cycle. Output buffers are enabled by CAS active tran- 
sition but Q may be indeterminate—see note 15 of AC oper- 
ating conditions table. Parameters try and tcw_ also apply 
to late write cycles. 


READ-WRITE CYCLE 


A read-write cycle performs a read and then a write at the 
same address, during the same cycle. This cycle is basically 
a late write cycle, as discussed in the WRITE CYCLE section, 
except W must remain high for tcwp minimum after the CAS 
active transition, to guarantee valid Q before writing the bit. 


PAGE MODE CYCLES 


Page mode allows fast successive data operations at all 512 
column locations on a selected row of the 256K x 4 dynamic 
RAM. Read access time in page mode (tcc) is typically half 
the regular RAS clock access time, trac. Page mode oper- 
ation consists of keeping RAS active while toggling CAS be- 
tween Vip} and Vic. The row is latched by RAS active 
transition, while each CAS active transition allows selection 
of a new column location on the row. 

A page mode cycle is initiated by a normal read, write, or 
read-write cycle, as described in prior sections. Once the timing 
requirements for the first cycle are met, CAS transitions to 
inactive for minimum tcp, while RAS remains low (Vj.). The 
second CAS active transition while RAS is low initiates the 
first page mode cycle (tpc or tpRwc). Either a read, write, 
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or read-write operation can be performed in a page mode cycle, 
subject to the same conditions as in normal operation (pre- 
viously described). These operations can be intermixed in con- 
secutive page mode cycles and performed in any order. The 
maximum number of consecutive page mode cycles is limited 
by trasp. Page mode operation is ended when RAS transi- 
tions to inactive, coincident with or following CAS inactive 
transition. 


REFRESH CYCLES 


The dynamic RAM design is based on capacitor charge 
storage for each bit in the array. This charge degrades with 
time and temperature, thus each bit must be periodically re- 
freshed (recharged) to maintain the correct bit state. Bits in 
the MCM514256A require refresh every 8 milliseconds, while 
refresh time for the MCM51L4256A is 64 milliseconds. 

Refresh is accomplished by cycling through the 512 row 
addresses in sequence within the specified refresh time. All 
the bits on a row are refreshed simultaneously when the row 
is addressed. Distributed refresh implies a row refresh every 
15.6 microseconds for the MCM514256A, and 124.8 micro- 
seconds for the MCM51L4256A. Burst refresh, a refresh of all 
512 rows consecutively, must be performed every 8 millise- 
conds on the MCM514256A and 64 milliseconds on the 
MCM51L4256A. 

A normal read, write, or read-write operation to the RAM 
will refresh all the bits (2048) associated with the particular 
row decoded. Three other methods of refresh, RAS only 
refresh, CAS before RAS refresh, and Hidden refresh are 
available on this device for greater system flexibility. 





RAS-Only Refresh 


RAS-only refresh consists of RAS transition to active, latch- 
ing the row address to be refreshed, while CAS remains high 
(ViH) throughout the cycle. An external counter is employed 
to ensure all rows are refreshed within the specified limit. 


CAS Before RAS Refresh 


CAS before RAS refresh is enabled by bringing CAS active 
before RAS. This clock order activates an internal refresh 


MEMORY CYCLE 





RAS 


oO 
> 
(Je) 


0Q0-D03 ——— HIGH Z 


CAS BEFORE RAS 
REFRESH CYCLE 






counter that generates the row address to be refreshed. Ex- 
ternal address lines are ignored during the automatic refresh 
cycle. The output buffer remains at the same state it was in 
during the previous cycle (hidden refresh). 


Hidden Refresh 


Hidden refresh allows refresh cycles to occur while main- 
taining valid data at the output pin. Holding CAS active at the 
end of a read or write cycle, while RAS cycles inactive for trp 
and back to active, starts the hidden refresh. This is essentially 
the execution of a CAS before RAS refresh from a cycle in 
progress (see Figure 1 ). 


CAS BEFORE RAS REFRESH COUNTER TEST 


The internal refresh counter of this device can be tested 
with a CAS before RAS refresh counter test. This test is 
performed with a read-write operation. During the test, the 
internal refresh counter generates the row address, while the 
external address supplies the column address. The entire array 
is refreshed after 512 cycles, as indicated by the check data 
written in each row. See CAS before RAS refresh counter 
test cycle timing diagram. 

The test can be performed after a minimum of eight CAS 
before RAS initialization cycles. Test procedure: 











1. Write ‘’0’’s into all memory cells with normal write mode. 
Select a column address, read ‘‘0”’ out and write “1” into 
the cell by performing the CAS before RAS refresh 
counter test, read-write cycle. Repeat this operation 
512 times. 

3. Read the ‘’1’’s which were written in step 2 in normal read 
mode. 

4. Using the same starting column address as in step 2, read 
“1"" out and write ‘0’ into the cell by performing CAS 
before RAS refresh counter test, read-write cycle. 
Repeat this operation 512 times. 

5. Read ‘’0’’s which were written in step 4 in normal read 
mode. 

6. Repeat steps 1 to 5 using complement data. 


CAS BEFORE RAS 
REFRESH CYCLE 





Figure 1. Hidden Refresh Cycle 
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ORDERING INFORMATION 
(Order by Full Part Number) 





MCM_ 514256A or 51L4256A X XX XX 







Motorola Memory Prefix Shipping Method (R2= Tape & Reel, 
Blank = Rails) 

Part Number 

Speed (70=70 ns, 80=80 ns, 


10 = 100 ns) 


Package (P =300 mil Plastic DIP, 
J =300 mil SOJ, Z= Plastic ZIP) 


Full Part Numbers— MCM514256AP70 MCM514256AJ70 MCM514256AJ70R2 MCM514256AZ70 
MCM514256AP80 MCM514256AJ80 MCM514256AJ80R2 MCM514256AZ80 
MCM514256AP 10 MCM514256AJ 10 MCM514256AJ10R2 MCM514256AZ10 
MCM51L4256AP70 MCM51L4256AJ70 MCM51L4256AJ70R2 MCM51L4256AZ70 


MCM51L4256AP80 MCM51L4256AJ80 MCM51L4256AJ80R2 MCM51L4256AZ80 
MCM51L4256AP10 MCM51L4256AJ10 MCM51L4256AJ10R2 MCM51L4256AZ10 
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NMICM514258A 





256K x 4 CMOS Dynamic RAM 


Static Column 





The MCM514258A is a 1.02 CMOS high-speed, dynamic random access memory. It is oa P PACKAGE 
organized as 262,144 four-bit words and fabricated with CMOS silicon-gate process tech- 300 MIL PLASTIC 
nology. Advanced circuit design and fine line processing provide high performance, im- CASE 738A 
proved reliability, and low cost. 

The MCM514258A requires only nine address lines; row and column address inputs are J PACKAGE 
multiplexed. The device is packaged in a standard 300-mil dual-in-line plastic package 300 MIL SOJ 
(DIP), a 300-mil SOJ plastic package, and a 100-mil zig-zag in-line plastic package (ZIP). CASE 
@ Three-State Data Output 
@® Static Column Mode 
@ TTL-Compatible Inputs and Output 
@ RAS Only Refresh Z PACKAGE 
@ CS Before RAS Refresh PLASTIC 
@ Hidden Refresh ZIG-ZAG IN-LINE 
@ 512 Cycle, 8 ms Refresh CASE 836 
@ Unlatched Data Out at Cycle End Allows Two Dimensional Chip Selection 
@ Fast Access Time (trac): 


MCM514258A-70 = 70 ns (Max) 
MCM514258A-80 = 80 ns (Max) 
MCM514258A-10= 100 ns (Max) pale eee ey 
@ Low Active Power Dissipation: Read/Write Input 
MCM514258A-70 = 440 mW (Max) RAS Row Address Strobe 
MCM514258A-80 = 385 mW (Max) Chip Select 
MCM514258A-10 = 330 mW (Max) Power (+5 V) 
@ Low Standby Power Dissipation: 
11 mW (Max), TTL Levels 
5.5 mW (Max), CMOS Levels 


Address Input 





SMALL OUTLINE 
DUAL-IN-LINE 


PIN 
ASSIGNMENT 
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BLOCK DIAGRAM 
DQ0-DQO3 


W O pDATAIN. «= PG 
& BUFFER na ¢ 
3 NO. 2 CLOCK DATA OUT —) : 
GENERATOR ] BUFFER G 
COLUMN | 
ADDRESS cena 


AO BUFFERS (9) DECODER | 




















Al | 

A2 REFRESH 

A3 5) | CONTROLLER! 

A4 COUNTER (9 

A5 

Ab — 

AI— ROW ADDRESS 

AB BUFFERS (9) |_| [94 





ROW 
DECODER 


sae MEMORY 
AAS NO. 1 CLOCK ARRAY 
GENERATOR 512x512 x4 


SUBSTRATE 
BIAS 
GENERATOR | <#—— Vsg 


<= — Vcc 





ABSOLUTE MAXIMUM RATINGS (See Note) 


[Beta OurCunent tt | 8A 
[Power Disipaton —~SC~*~=~“‘~*~*~srSCP YC 


NOTE: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are 
exceeded. Functional operation should be restricted to RECOMMENDED OPER- 
ATING CONDITIONS. Exposure to higher than recommended voltages for extended 
periods of time could affect device reliability. 


This device contains circuitry to protect the 
inputs against damage due to high static 
voltages or electric fields; however, it is ad- 
vised that normal precautions be taken to 
avoid application of any voltage higher than 
maximum rated voltages to this high-imped- 
ance Circuit. 
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DC OPERATING CONDITIONS AND CHARACTERISTICS 
(Vcc =5.0 V + 10%, TA =0 to 70°C, Unless Otherwise Noted) 





RECOMMENDED OPERATING CONDITIONS 









Supply Voltage (Operating Voltage Range) 


Logic High Voltage, All Inputs 
Logic Low Voltage, All Inputs 












DC CHARACTERISTICS 


Vcc Power Supply Current 

MCM514258A-70, tac = 130 ns 
MCM514258A-80, tac = 150 ns 
MCM514258A-10, tac = 180 ns 


Vcc Power Supply Current (Standby) (RAS = CS = Vjy)) 


Vcc Power Supply Current During RAS only Refresh Cycles (CS = Vj}4) 

MCM514258A-70, tac = 130 ns 
MCM514258A-80, tc = 150 ns 
MCM514258A-10, tac = 180 ns 


| Vcc Power Supply Current During Static Column Mode ve (RAS = CS =Vi,) 
MCM514258A-70, tsc = 40 ns 


| Symbol | Min | Max | Unit | Notes _ 


Icc1 
f 


| icca _| rs a 



































MCM514258A-80, tgc = 45 ns 
Vcc Power Supply Current (Standby) (RAS = CS = Vcc — 0.2 V) ICcs eee 
| Vcc Power Supply Current During CS Before RAS Refresh Cycle Icce 
MCM514258A-80, tac = 150 ns i 
MCM514258A-10, tac = 180 ns 
ssn Inckage cone Ua 0 EVERETT eer ee ee 
Output High Volage tion = —5 mA) Now ea ev 


MCM514258A-10, tg¢ = 50 ns 
MCM514258A-70, tac = 130 ns 
ETS a 
| Output Low Voltage ign=42ma) TV | | 






CAPACITANCE (f= 1.0 MHz, Ta =25°C, Vcc =5 V, Periodically Sampled Rather Than 100% Tested) 


Input Capacitance 


GRAS tS, 


Output Capacitance (C5 = Vip to Disable Output) D00-Da3 ro 





NOTES: 
1. All voltages referenced to Vss. 
2. Current is a function of cycle rate and output loading; maximum current is measured at the fastest cycle rate with the output open. 
3. Capacitance measured with a Boonton Meter or effective capacitance calculated from the equation: C = lAt/AV. 
4. Measured with one address transition per static column mode cycle. 
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AC OPERATING CONDITIONS AND CHARACTERISTICS 
(Vcc =5.0 V + 10%, Ta =0 to 70°C, Unless Otherwise Noted) 





READ, WRITE, AND READ-WRITE CYCLES (See Notes 1, 2, 3, and 4) 


[Symbol [MCM514258a-70 | MCM5142580-80 | MCMBVA250A.10 
[Random Read or Wite CycleTme | treuner| tnc_| 190 | — | 10 

Static Colurm Mode Cycle Tine Fwy | ec | o | - | «| -| 8 |- |ol | 
[Static Column Mode ReadWrite Gycie Time | tavay [tsamw | 100 | — | 10 | - | a | - [m] | 
[Access Time fromRAS ~~ tretav| trac | - | 7 | - | w | - | 100 [m[ a7] 
[Access Time fromS————~—~*d tee | tcac | —- | = | - | = | - | 2 [m[oe| 
[Access Time from Colarm Address | tavav | taa | - | 8 | - | © | - | 8 [mw [ea| 
[Access Time from Last Wrte | wav] tw | - | | - | 7 | - | 9 [= [6 10] 
[CS to OuputintowZ ————~dtcerox tz | o | - | 0 | - | 0 | - [ml] 6 | 
[Output Butfer and TurrOH Dekey | tcenaz| torr | 0 |» [| 0 | » | 0 | % [m| 1 | 
[Output Data Hold Time from Colurm Adioas| taxox | ton | 8 | - [8 | - [| 8 | - [m| | 
[Output Data Enabi Time from Write | wnav| tow | - | 2 | - | » | - | » [m] | 
Franson Time (ise and Fai) | _tr [| [8 | % | 3 | # | 3 | % [m| | 
[RAS Pracharge Time _———~—~—~i memes | twp | 50 | - | | - [| | -|m| | 
[RAS Pulse with __——_[rnetaen| tras | 70 | 10000[ a0 | 10,000 | 100 | 10,000 ns |_| 
[RAS Pulse wicth (Static Colum Model | tpevren| teasc | 70 | 100,000] 60 | 100,000] 100 | 100,000] ne |_| 
[ESto RAS Hold Time __———~—*dtcruren| tas | 25 | - | 2 | - | » | - [wm] | 
RAS to CSHoid Time ——————‘|tmetcen| tcsw | 7 | - | 0 | - | 10 | - [m| | 
[ES Pulse With ———~—S~S~S truce] tes | 28 | 10.000 | 25 | 10.000 0 | 10000[ ne] | 
cs tcevcen| tesc | 25 | 100000 25 | 100,000] 30 | 100,000] ns | _ 

as fo | os | = | 












Parameter 





















a 
a3 


O 


Pine) 
a8 
a 
Coi= 
| 8 
912 
gis 
<j es 
4/2 
3/2 
®1i0 
(@) 
o 
c 
3 
po | 
: = 
{o) 
Qa 
@ 


tRELCEL| RCD | 55 | | 70 [ns | 12 | 
RAS to Column Address Delay Time tRELAV | 3 | | ao | 20 | | os 


CS to RAS Precharge Time  —_—> 


| 20 
Eee uote 
tcenrer| tcrp | 5 | - | 5 | - [| 5 | ~ [ns] | 
tCEHCEL| ‘'CPN | 10 | 


tcencer| tcp | 10 | - | 1 | ~ [| 1 | - [ns{ | 


tAVREL 

trecax| tran | 10 | —- [ to | —~ | 5 | ~ |ns| | 

tavceL | tasc | 0 | - | o | ~ | o | - [ne] | 

tceax | tcay | 15 | - | 1 | - | 2 | - |r] 
tawe | 8 | - | 6 | - {| 7% | - |ns| | 


tRELAX 
wood iat Baik Rik all Tia Rad! Back as 
amet ma [| - | «| - |] — jel 


NOTES: ~ (continued) 


CS Precharge Time (Static Column Mode) 


Column Address Hold Time 
Write Address Hold Time Referenced to RAS 


Column Address Hold Time Referenced to 
A 


Column Address to RAS Lead Time 


ARGEIE 
e/= 2 _ 
> — 
5/2/12 8 
Sara 
QaAaIi!oro = 
o 18 |& 2 
g|x\o| =| = 
= | ot 3 
olale 2 
2i4[c 
elsi4 
DIZ I5 
3/713 
3 
® 





: 


1. Vipy min and Vi, max are reference levels for measuring timing of input signals. Transition times are measured between Vi} and Vj,. 
2. An initial pause of 200 xs is required after power-up followed by 8 RAS cycles before proper device operation is guaranteed. 
3. The transition time specification applies for all input signals. In addition to meeting the transition rate specification, all input signals must 
transition between Vj} and Vi, (or between Vj, and Vj}) in a monotonic manner. | 
4. AC measurements ty =5.0 ns. 
5. The specifications for tac (min) and trayw (min) are used only to indicate cycle time at which proper operation over the full temperature 
range (0°C <T,a <70°C) is assured. 
6. Measured with a current load equivalent to 2 TTL (—200 nA, +4 mA) loads and 100 pF with the data output trip points set at 
VOH =2.0 V and Vo, =0.8 V. . 
7. Assumes that tacp stRcp (max). 
8. Assumes that tacp2trcp (max). 
9. Assumes that trap =trRap (max). 
0. Assumes that thywap StLWAD (max). 
1. togg (max) and/or tgz define the time at which the output achieves the open circuit condition and is not referenced to output voltage 
levels. 
12. Operation within the tacp (max) limit ensures that trac (max) can be met. tacp (max) is specified as a reference point only; if tpcp is 
greater than the specified tacp (max) limit, then access time is controlled exclusively by tcac. 
13. Operation within the trap (max) limit ensures that trac (max) can be met. trap (max) is specified as a reference point only; if trap is 
greater than the specified tap (max), then access time is controlled exclusively by ta. 
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READ, WRITE, AND READ-WRITE CYCLES (Continued) 
Symbol 


Parameter 
Alternate 


Column Address Hold Time Referenced to tREHAX 
RA 


tAH 
Last Write to Column Address Delay Time twLav | tLWAD 
Last Write to Column Address Hold Time tWLAX | tAHLW 
Read Command Setup Time Referenced to tWHCEL| tRCS 


Read Command Hold Time Referenced to CS tCEHWX. 


Read Command Hold Time Referenced to tREHWX 
RAS 


Write Command Hold Time (Output Data tCEHWH! tWCH 





o 
% 
c 
oe 


Ps) 
5 
n 


Write Command Hold Time Referenced to tRELWH | tWCR 


x D 
a 4] §] #H| € 


Write Command Pulse Width tWLWH 
Write Inactive Time tTWHWL 
Write Command to RAS Lead Time Ww 


t 
in 


W. 


rm 


Write Command to CS Lead Time tWLCEH 


Data In Setup Time tDOVCEL 


Data In Hold Time tCELDX 


| tCELDX | 
Data In Hold Time Referenced to RAS . 
Refresh Period tRFSH | 8 | - | @ | - | 8 [ms] | 


Write Command Setup Time (Output Data tWLceL | twcs 





QO QO 
Oo 


CS to Write Delay (RW Cycle) 
RAS to Write Delay (RW Cycle) 
Column Address to Write Delay Time tAVWL 
CS Setup Time for CS Before RAS Refresh tCSR 
CS Hold Time for CS Before RAS Refresh tCHR _ 
RAS Precharge to CS Active Time tRPC 


CS Precharge Time for CS Before RAS tCEHCEL| tcPT 
Counter Test 


RAS Hold Time Referenced to G | - | tm | - | | - [rs] | 
G Access Time |tcrav | tea | — | 2% | - | 2% | - | 2% [ns] | 
G to Data Delay |tcupx | ten | 20 | - | 2 | - | 2 | - [ns] | 
Output Buffer Turn-off Delay Time from G | tcHaz | tez | o | 2 | o | 2 | oO | 2 [ns] 11 | 
G Command Hold Time twice | toy | 20 | — | 2 | — | 2% | - jns] | 


t 
t 
t 


b> ID 
Oo jo 
B 


2 
& 
c 
£ 


NOTES: 

14. tap must be met for a read cycle. 

15. Operation within the thyap (max) limit ensures that tay yy (max) can be met. tLyyap (max) is specified as a reference point only; if tuyyAD 
is greater than the specified tuyyap (max) limit, then access time is controlled exclusively by ta A. 

16. Either taRH or tRCH must be satisfied for a read cycle. 

17. twCH. twcs. tRwD. tcwop, and tawp are not restrictive operating parameters. They are included in the data sheet as electrical 
characteristics only; if twcos=twcs (min) and twcH2=twcH (min), the cycle is an early write cycle and the data out pin will remain 
open circuit (high impedance) throughout the entire cycle; if teywyp2=tcwp (min), tawp2trwp (min), and tawp2=tawp (min), the 
cycle is a read-write cycle and the data out will contain data read from the selected cell. If neither of these sets of conditions is satisfied, 
the condition of the data out (at access time) is indeterminate. 

18. These parameters are referenced to CS leading edge in random write cycles and to W leading edge in late write or read-write cycles. 
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READ CYCLE 





tRAS 'RP 





wnt Oe KO mes KREEES 
gM bi te E an 
EY | 


'ROH 


XRXKENS 


es RXR | AKKRRCRKRKKRRR 


tCAC tOFF 
tRAC tGz 
000-003 eres HIGH Z {\ ) 4 VALID DATA OUT > 
Vo. - teLz7 | 


EARLY WRITE CYCLE 
(G is Don’t Care) 


tRAS tRP 
Vin — TAWR 


RAS 
Vit - 
ae <> tcRP 
_ Vin 
FT ae oo 
Vit - tRAH 
a KX 
ices 7 XXX (x ADDRESS ae 


= 


tRAD tWCH 
twcs > Bal twp : 
a = 
Tans KXAN Ox || | KXXXXX) 
t 
ie WCR 
tos— @- ton 


iH — 
000-003 (} VALID DATAIN [>= CT a 
Vit - | 
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G CONTROLLED LATE WRITE CYCLE 


tRC 
RAS tRP 





V H- 
ADDRESSES 
Vit - 


SPLOUNAMUNAONNTIS 


Vit - 


tGH 


|) 


Vit — 


tos 
‘DH 
. ; 
papas XXXL _winowran  DOOOO AXXO 
READ-WRITE CYCLE 
tRMW 


tRAS "RP 
Vin — 
Vy ron 
IL tCSH 
tRCD tRSH 


teRP 
et tes 


- Vin — 
taSR 


Vit - 
tRAL 
tRAH tCAH 
ViH — 


nomesis XL wos KO tomes KX 


tRwD 
arte 
cman ip 


al ae AXXO 


=i 


tAA 
tGA 
M- PATRI IVVVVV V/V : 
W- XXX XK a 
eaeeeeede = tps 
VinVou — Eg 1 
pa0003 | HIGH Z mn (oer) ae OXKX KX KKM 
tcLz 


a} 
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2 : . STATIC COLUMN MODE READ CYCLE 
: tRASC : tRP 


ViH - 


RAS 
Vit ~ 
tRAH | ‘AH 


tASR tsc tRAL 


ROW COLUMN E ieee COLUMN XXX ee 
ADDRESSES ADDRESS X ADDRESS Er aan ADDRESS /\ 


tRAD i _»| 
'RSH 
Vin — ttsc 
cs 
Vii - ; tRRH 
tRcs ‘i 'RCH 


~” 









ViH - 
a \AA/KS\/\AA 2 \/ K/\/\/ 
” Wee OY) le AX 
| 'RCH tROH 
ViH — : 
V\V/ Y/Y MV VV \/ VYY VV 
5 OOK ANAK a = 
tGa tOFF tGA 
tCACc (G2 I> I 
‘AA ——»> tAA 
"RAC tAOH pase tCAC tOFF 
ne ” Oe ee HIGH Z F Ke ’ Cae (YY 9 (ace ) XX VALID DATA |) 
tCLz tCLZ 
STATIC COLUMN MODE EARLY WRITE CYCLE (A) 
(G is Don’t Care) 
tRASC trp 
MIN 
RAS 
ViL — 
a i tRAD 
tRAH tCAH tsc tRAL 
| ViH — 
worst XN sas KOC MM ae Xe KKK 
ee taSC mn ‘asc a oe 
= Vi - : | 
7 Vit - : 
tCWL 
; tRWL 
_ Vino 
W 
Vit - 
pa0-Da3 se ede 
Vii'= DATA 
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STATIC COLUMN MODE EARLY WRITE CYCLE (B) 
(G is Don't Care) 
tRP 
ViH — 


RAS tRASC 
Vit - 
taSR 


tRAH tCAH tsc tRAL 


woeses XY atts KM ea OX BRE XO aR XXX XXX 










a tcRP_— 

tase tase tcp | 

tRAD , tRSH 
_ ‘Mu- Way, 7 WAWAY, 
26 N_KXXKN KAXXXA 

ri ai pala 
_ Va (eases) . eat) 
Oa = AS js 
tDHR ja - 


tos 
VinVon — | 
wom er XXXL KLM HEM N X Mfrs KKK meee KKK KKK 


STATIC COLUMN MODE READ-WRITE CYCLE 


{RASC ‘RP 
- Vin — \ 
Mt ase 
tRAH tsRMW 
Vin - 
woes YK ee KM (XXXXKXKKX 





'RAL 
tRAD ‘CRP 
tRWL 





_ Vin- tLWAD 
cs 
Vi - 
s tCWL 
Via | 
tRWD Bal 'GH 


DONA 000 0 wenee 


‘gD 


oI 


'GA 
'CAC ‘Gz 'AA 'GZ 


TAA tos tow 
tRAC {DH tGA 
VinVou — A 
‘ ) ( VALID \A_A? K/ VAUD VA\/\/A\/\JV/V/ 
a alveies OX PHO oman OOM. DY XK) 
tcLz VALID VALID 
DATA OUT DATA OUT 


|< ——— READ-wRITE —— |< READ-WRITE ———_+| 
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2 STATIC COLUMN MODE READ/WRITE MIXED CYCLE 
Vin — 
| RAS 
Vit - 
tRCD tcp 


= Vin — —— tcsc 
cs 
Vi - tRAD ; 
tLWAD 
tASR -» taSC . 


RAH {CAH 
ViH ~ 
ROW ¢ COLUMN COLUMN COLUMN \/\/ 
ADDRESSES ie ¢ AL appress AL aporess XXX) { 1. ee ate ) ~~ x 


Paes 


tO “At 


tDHR isi Pela 
tps = toH mn taQH ‘DH 
VinVou — 
no A _oxtnn XXX oa cur KXXL PL ota KOCK 


=| 


ep) | 


VirVoL — 
EARLY WRITE —>| ~—-—— READ READ-WRITE 
VALID 
DATA OUT 
RAS ONLY REFRESH CYCLE 
(W and G are Don’t Care) 
tRC 
trp 
Vin — tRAS 


RAS 
VIL 
tCRP il tRPC 


_ Vn- 
cs i 7 ) 


ae tASR 
tRAH 
Vin — 
wns TN ae KXKKKX ERX KKK RE RY KKK 
CS BEFORE RAS REFRESH CYCLE 
(W, G, and AO to A8 are Don’t Care) 
tRC a 
i MA tRAS 
RAS —_ 
. tRPC 
tCPN ek tCHR 
= ViH —- — 
cs iis 
tOFF 
DQ0-DO3 oe ) : = HIGH Z 
VoL — 
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HIDDEN REFRESH CYCLE (READ) 


tRC tRC 
tRAS tRP tRP 
__Vin- tRAS 
RAS 
ViL - 
tcRP pag tCHR tcRP 
Vin - 
' nN 
Vit — "RAD — | 
t 
tASR sch | 


tAH 
H 
" tRAL 


vet, SOO —_ OED 
KRY | XXX KKK 


7 | = = 
KKK ARXXXKKXXXKXY 


Vit — 
tCaCc tOFF 
tcLz 
tRAC t62 
VoH — | 
000-003 ee HIGH Z XX) ( VALID DATA OUT ) 


VoL - 


HIDDEN REFRESH CYCLE (EARLY WRITE) 
(G is Don’t Care) 





tRc tRC 
tRAS tap trp 
Vin _ tAWR , tRAS 
RAS 
Vit - 
tCHR 
tCRP tCRP 
Vin — = 
ts \\ 
Vit - ; tRAD 
tASR taSC 
“<t—tRAH tCAH 


wos” Ne MON tes XRAXKXXKXKRRKRKRRKKKNED 


WOAXXXKXAKAKAK 










\/ 
/\ . 
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CS BEFORE RAS REFRESH COUNTER TEST CYCLE 


tRAS ‘RP 






tCsR 


READ CYCLE 


? | {RAL 
Ss | 
OE S00 0000000) a 0006 


tRCS iB 'RRH 


XX 






wT DXKXXXXKXXKKNY 


tAA 
AKYXKN) 


Pe 
«STREET 
torr 
telz ou 


V _ { 
pao-pa3 oa _HiioH 2 (XX VALID DATA OUT N 


EARLY WRITE CYCLE ‘ASC ‘GAH | | 
Vin — 
anonesses "XX XXKXXXMXAAKAN, _anvaess—_ AAARMAAAADAABAAS 
twcs tWCH 
- twp 
Wn OO XA _L AXXXKXXKXK 
tps ‘DH 
ee ir ee 


Vin —- 
Da0-D03 i a NGL (| VALID DATA IN > 


Vit - 
READ-WRITE CYCLE | | tCAH 


mom RK _— KORO 
tRcs ‘we | 
0 RKKKKKLKKKERY — IXXXXKKKX 
tawD 
t+ tGa 


= Vin - . , : 
= ORK 
' . 
rie oa | = 
pa0-003 ne —— HIGH Z x) Hic D : OO arate 


DATA OUT 


tCWL 
tRWL 
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DEVICE INITIALIZATION 


On power-up an initial pause of 200 microseconds is required 
for the internal substrate generator to establish the correct 
bias voltage. This must be followed by a minimum of eight 
active cycles of the row address strobe (clock) to initialize all 
dynamic nodes within the RAM. During an extended inactive 
state (greater than 8 milliseconds with the device powered up), 
a wake up sequence of eight active cycles is necessary to 
assure proper operation. 


ADDRESSING THE RAM 


The nine address pins on the device are time multiplexed at 
the beginning of a memory cycle by the row address strobe 
(RAS) clock, into two separate 9-bit address fields. A total of 
eighteen address bits, nine rows and nine columns, will decode 
one of the 262,144 bit locations in the device. RAS active 
transition latches the row address field. Column addresses are 
not latched, hence the “static column’ designation of this 
device. Chip select (CS) active transition (active = VIL, tpCD 
minimum) follows RAS on all read, write, or read-write cycles, 
and is independent of column address. The static column 
feature allows greater flexibility in setting up the external ex- 
ternal column addresses into the RAM. 

There are two other variations in addressing the 256K x 4 
RAM: RAS only refresh cycle and CS before RAS refresh 
cycle. Both are discussed in separate sections that follow. 





READ CYCLE 


The DRAM may be read with four different cycles: random 
read cycle, read-write cycle, and ‘static column mode” read, 
and read-write. The random read cycle is outlined here, while 
the other cycles are discussed in separate sections. 

The random read cycle begins as described in ADDRESS- 
ING THE RAM, with RAS active transition latching the de- 
sired row. The write (W) input level must be high (VjH), trcs 
(minimum) before the CS active transition, to enable read 
mode. A valid column address can be provided at any time 
(tRAD minimum), independent of the CS active transition. 

Both the RAS and CS clocks trigger a sequence of events 
which are controlled by several delayed internal clocks. The 
internal clocks are linked in such a manner that the read access 
time of the device is independent of the address muitiplex 
window. Both CS and output enable (G) contro! read access 
time: CS and G must be active (and column address must be 
valid) by tkCD maximum, and tRAC-tGA minimum, respec- 
tively, to guarantee valid data out (Q) at trac (access time 
from RAS active transition). If either tpc¢p maximum is ex- 
ceeded or G active transition does not occur in time, read 
access time is determined by the CS and/or G clock active 
transition (tCAc, tGA). 

The RAS and CS clocks must remain active for a minimum 
time of tRas and tcs, respectively, to complete the read cycle. 
The column address must remain valid for tay after RAS 
inactive transition to complete the read cycle. W must remain 
high throughout the cycle, and for time tRRH Or tRCH after 
RAS or CS inactive transition, respectively, to maintain the 
data at that bit location. Once RAS transitions to inactive, it 
must remain inactive for a minimum time of trp to precharge 
the internal device circuitry for the next active cycle. Q is valid, 
but not latched, as long as the CS and G clocks are active. 


When either the CS or G clock transitions to inactive, the 
output will switch to High Z, tofr or tGz after inactive 
transition. 


WRITE CYCLE 


The DRAM may be written with any of four cycles: early 
write, late write and “static column mode” early write, and 
read-write. Early and late write modes are discussed here, while 
static column mode write operations are covered in another 
section. 

A write cycle begins as described in ADDRESSING THE 
RAM. Write mode is enabled by the transition of W to active 
(Vit level). Early and late write modes are distinguished by the 
active transition of W with respect to CS leading edge. Min- 
imum active time tRAs and tcs, and precharge time trp apply 
to write mode, as in the read mode. 

An early write cycle is characterized by W active transition 
at minimum time twcs before CS active transition. Column 
address set up and hold times (tasc, tcAH), and data in (D) 
set up and hold times (tps, tp}) are referenced to CS in an 
early write cycle. RAS and CS clocks must stay active for 
tRWL and tcw_, respectively, after the start of the early write 
operation to complete the cycle. 

Q remains High Z throughout an early write cycle because 
W active transition precedes or coincides with CS active tran- 
sition, keeping data-out buffers disabled effectively disabling 


A late write cycle (referred to as G controlled write) occurs 
when W active transition is made after CS active transition. 
W active transition could be delayed for almost 10 microse- 
conds after CS active transition, (tRAD+taSC+tRWL+ 
2tT StRAS, if other timing minimums (tasc, tRWL, and tT) 
are maintained. Column address and D timing parameters are 
referenced to W active transition in a late write cycle. Output 
buffers are enabled by CS active transition but Q may be 
indeterminate—see note 17 of AC operating conditions table. 
Parameters try _ and tcw_ also apply to late write cycles. 


READ-WRITE CYCLE 


A read-write cycle performs a read and then a write at the 
same address, during the same cycle. This cycle is basically 
a late write cycle, as discussed in the WRITE CYCLE section, 
except W must remain high for tcwp and/or tawp minimum, 
to guarantee valid OQ before writing the bit. 


STATIC COLUMN MODE CYCLES 


Static column mode refers to multiple successive data op- 
erations performed at any or all 512 column locations on the 
selected row of the 256 x4 dynamic RAM during one RAS 
cycle. Read access time of multiple operations (taa or tcAc) 
is considerably faster than the regular RAS clock access time 
tRAC. Multiple operations can be performed simply by keeping 
RAS active. CS may be toggled between active and inactive 
states at any time within the RAS cycle. 

Once the timing requirements for the initial read, write, or 
read-write cycle are met and RAS remains low, the device is 
ready for the next operation. Operations can be intermixed in 
any order, at any column address, subject to normal operating 
conditions previously described. Every write operation must 
be clocked with either CS or W, as indicated in static column 
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mode early write cycle timing diagrams A and B. Column 
address and D timing parameters are referenced to the signal 
clocking the write operation. CS must be toggled inactive (tcp) 
to perform a read operation after an early write operation (to 
turn output on), as indicated in static column mode read/ 
write mixed cycle timing diagram. The maximum number of 
consecutive operations is limited by tRASC. The cycle ends 
when RAS transitions to inactive. 


REFRESH CYCLES 


The dynamic RAM design is based on capacitor charge 
storage for each bit in the array. This charge degrades with 
time and temperature, thus each bit must be periodically re- 
freshed (recharged) to maintain the correct bit state. Bits in 
the MCM514258A require refresh every 8 milliseconds. 

Refresh is accomplished by cycling through the 512 row 
addresses in sequence within the specified refresh time. All 
the bits on a row are refreshed simultaneously when the row 
is addressed. Distributed refresh implies a row refresh every 
15.6 microseconds for the MCM514258A. Burst refresh, a re- 
fresh of all 512 rows consecutively, must be performed every 
8 milliseconds on the MCM514258A. 

A normal read, write, or read-write operation to the RAM 
will refresh all the bits (2048) associated with the particular 
row decoded. Three other methods of refresh, RAS only 
refresh, CS before RAS refresh, and hidden refresh are 
available on this device for greater system flexibility. 


RAS-Only Refresh 


RAS-only refresh consists of RAS transition to active, latching 
the row address to be refreshed, while CS remains high (Vj) 
throughout the cycle. An external counter is employed to 
ensure all rows are refreshed within the specified limit. 


CS Before RAS Refresh 


CS before RAS refresh is enabled by bringing CS active before 
RAS. This clock order activates an internal refresh counter 


MEMORY CYCLE 










Q —— HIGH Z 


CS BEFORE RAS 
REFRESH CYCLE 


= 


VALID DATA-OUT 


that generates the row address to be refreshed. External ad- 
dress lines are ignored during the automatic refresh cycle. The 
output buffer remains at the same state it was in during the 
previous cycle (hidden refresh). ' 


Hidden Refresh 


Hidden refresh allows refresh cycles to occur while maintaining 
valid data at the output pin. Holding CS active at the end of 
a read or write cycle, while RAS cycles inactive for trp and 
back to active, starts the hidden refresh. This is essentially the 
execution of a CS before RAS refresh from a cycle in progress 
(see Figure 1). 


CS BEFORE RAS REFRESH COUNTER TEST 


The internal refresh counter of this device can be tested 
with a CS before RAS refresh counter test. This test is 
performed with a read-write operation. During the test, the 
internal refresh counter generates the row address, while the 
external address supplies the column address. The entire array 
is refreshed after 512 test cycles, as indicated by the check 
data written in each row. See CS before RAS refresh 
counter test cycle timing diagram. . 

The test can be performed after a minimum of eight CS 
before RAS initialization cycles. Test procedure: 


1. Write “’0’’s into all memory cells with normal write mode. 

2. Select a column address, read ‘‘0’’ out and write ‘1’ into 
the cell by performing the CS before RAS refresh 
counter test, read-write cycle. Repeat this operation 
512 times. 

3. Read the “1’’s which were written in step 2 in normal read 
mode. 

4. Using the same column address as in step 2, read ‘1’ 
out and write ‘0’ into the cell by performing the cs 
before RAS refresh counter test, read-write cycle. 
Repeat this operation 512 times. 

5. Read “’0’’s which were written at in step 4 in normal read 
mode. 


| 6. Repeat steps 1 to 5 using compiement data. 


CS BEFORE RAS 
REFRESH CYCLE 


a 
= 








Figure 1. Hidden Refresh Cycle 
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ORDERING INFORMATION 
(Order by Full Part Number) 


MCM 514258A X XX XX 
Motorola Memory Prefix Shipping Method (R2= Tape & Reel, Blank = Rails) 
Part Number Speed (70=70 ns, 80=80 ns, 10=100 ns) 
Package (P= Plastic DIP, J =Plastic SO 


with J leads, Z= Plastic ZIP) 


Full Part Numbers— MCM514258AP70 MCM514258AJ570 MCM514258AJ70R2 MCM514258AZ70 
MCM514257AP80 MCM514258AJ80 MCM514258AJ80R2 MCM514258AZ80 
MCM514258AP 10 MCM514258AJ 10 MCM514258AJ10R2 MCM514258AZ10 
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MOTOROLA 
aa SEMICONDUCTOR 5 NE 
TECHNICAL DATA 


NICM514400 
NICM51L4400 





Advance Information 
1M x 4 CMOS Dynamic RAM 


Page Mode J PACKAGE 
—_ PLASTIC 
The MCM514400 is a 0.84 CMOS high-speed, dynamic random access memory. It is ea” SMALL OUTLINE 
organized as 1,048,576 four-bit words and fabricated with CMOS silicon-gate process CASE 822A 


technology. Advanced circuit design and fine line processing provide high performance, 
improved reliability, and low cost. 

The MCM514400 requires only ten address lines; row and column address inputs are 
multiplexed. The device is packaged in a standard 350-mil-wide J-lead small outline pack- | Mc. Z PACKAGE 
age, and a 100-mil zig-zag in-line package (ZIP). wate \ PLASTIC 

‘ : ZIG-ZAG IN-LINE 





@ Three-State Data Output 

@ Fast Page Mode CASE 636 

@ Test Mode 

@® TTL-Compatible Inputs and Output 

@ RAS Only Refresh 

@ CAS Before RAS Refresh 

@ Hidden Refresh Address Input 

@ 1024 Cycle Refresh: MCM514400 = 16 ms gees eli 
MCM51L4400 = 128 ms utput Enable 

@ Unlatched Data Out at Cycle End Allows Two Dimensional Chip Selection Aira Aer ee 

@ Fast Access Time (tRAC): Column Address Strobe 


MCM514400-80 and MCM51L4400-80 = 80 ns (Max) Power (+5 V) 
MCM514400-10 and MCM51L4400-10 = 100 ns (Max) Ground 
@ Low Active Power Dissipation: 
MCM514400-80 and MCM51L4400-80 = 578 mW (Max) 
MCM514400-10 and MCM51L4400-10 = 495 mW (Max) 
@ Low Standby Power Dissipation: 
MCM514400 and MCM51L4400 = 11 mW (Max, TTL Levels) 
MCM514400 = 5.5 mW (Max, CMOS Levels) 
MCM51L4400 = 2.2 mW (Max, CMOS Levels) 

















ZIG-ZAG IN-LINE 










SMALL OUTLINE 





PIN ASSIGNMENT 


This document contains information on a new product. Specifications and information herein are subject to change without notice. 
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BLOCK DIAGRAM 





pao-pa3 
DATAIN = [trq7 — 
& BUFFER «6 [i | 


TAS NO. 2 CLOCK DATA OUT a 
GENERATOR | BUFFER G 
COLUMN { 
ADDRESS ee 


DECODER 


ao aie) 
Al BUFFERS (10) 
A2 
A3 REFRESH - 
a CONTROLLER! 
AS COUNTER (10) 
AG 
i ROW ADDRESS 
BUFFERS (10) |? 
AS eA 


= NO. 1 CLOCK = seni 
HAS GENERATOR ARRAY 
1024 x 10244 


SUBSTRATE | <¢—— Ver 
BIAS 


GENERATOR —-— Vss 


=I 



















ABSOLUTE MAXIMUM RATINGS (See Note) 


[Rating «| Symbor | value | Unit 
Data Out Current tat | 8d A 


This device contains circuitry to protect the 
inputs against damage due to high static 
voltages or electric fields; however, it is ad- 
vised that normal precautions be taken to 
avoid application of any voltage higher than 
maximum rated voltages to this high-imped- 
ance circuit. 












CC 
[Power Disipation —=~S~S~sS PY 
Operating Temperature Range 
Storage Temperature Range -—55 to + 150 


NOTE: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are 
exceeded. Functional operation should be restricted to RECOMMENDED OPER- 
ATING CONDITIONS. Exposure to higher than recommended voltages for extended 
periods of time could affect device reliability. 
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DC OPERATING CONDITIONS AND CHARACTERISTICS 
(Vcc =5.0 V +10%, Ta =0 to 70°C, Unless Otherwise Noted) 





RECOMMENDED OPERATING CONDITIONS. 


Symbol |__Min__| 
Supply Voltage (Operating Voltage Range) p fee A ee 









Logic High Voltage, All Inputs 
Logic Low Voltage, All Inputs 





DC CHARACTERISTICS 










Vcc Power Supply Current 
MCM514400-80 and MCM51L4400-80, tac = 150 ns 
MCM514400-10 and MCM51L4400-10, —— 180 ns 








Vcc Power Supply Current During RAS oan Refresh Cycles (CAS = Vip) 
MCM514400-80 and MCM51L4400-80, trac = 150 ns 
MCM514400-10 and MCM51L4400-10, tac = 180 ns 


Vcc Power Supply Current During Fast Page Mode Cycle (RAS = Vj) 
MCM514400-80 and MCM51L4400-80, tpc = 45 ns 





















































MCM514400-10 and MCM51L4400-10, tpc =55 ns 
Vcc Power Supply Current (Standby) (RAS = CAS = Vcc — 0.2 V) MCM514400 Iccs5 1 i, 
MCM51L4400 
MCM514400-80 and MCM51L4400-80, tac = 150 ns 
MCM514400-10 and MCM51L4400-10, tac = 180 ns 
Vcc Power Supply Current, Battery Backup Mode—MCM51L4400 only ICC7 
DQ0-DQ3=Vcc — 0.2 V or 0.2 V) 
Input Leakage Current (0 V<Vj, <6.5 V) Iikgiy) [| —10 | 10 | pA | 
Output Leakage Current (CAS =Vjpy, 0 V<Voyt 5.5 V) | 10 | pA | 
Output Low Voltage (Io, =4.2 mA) : | 0.4 | 
CAPACITANCE (f= 1.0 MHz, Ta =25°C, Vcc=5 V, Periodically Sampled Rather Than 100% Tested) 
Parameter orm | Max | 










Vcc Power Supply Current During CAS Before RAS Refresh Cycle ICcé6 EEE 
(tac = 125 us; taas=1 ws; CAS=CAS Before RAS Cycle or 0.2 V; A0-A9, G, W, 

Output High Voltage (IoH = — 5 mA) | Von | 24 | | ov | 

a Te ie EV 

Input Capacitance A0-A9_ | pF | 

G, RAS, CAS, W | pF | 


1/0 Capacitance (CAS = Vj; to Disable Output) DQ0-DQ3 Ci/o 


NOTES: 
1. All voltages referenced to Vss. 
2. Current is a function of cycle rate and output loading; maximum current is measured at the fastest cycle rate with the output open. 
3. Measured with one address transition per page mode cycle. 
4. Capacitance measured with a Boonton Meter or effective capacitance calculated from the equation: C =|At/AV. 
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AC OPERATING CONDITIONS AND CHARACTERISTICS 
(Vcc =5.0 V +10%, Ta=0 to 70°C, Unless Otherwise Noted) 





READ, WRITE, AND READ-WRITE CYCLES (See Notes 1, 2, 3, and 4) 


MCM514400-80 MCM514400-10 
Parameter Symbol MCM51L4400-80 | MCM51L4400-10 Notes 
Standard | Alternate | Min | 


Random Read or Write Cycle Time tRELREL tRc 
Read-Write Cycle Time tRELREL tRWC 












Fast Page Mode Cycle Time tCELCEL tpc 
Fast Page Mode Read-Write Cycle Time tCELCEL | tpRWC 


Access Time from RAS tRAC 
Access Time from CAS tCAC 
Access Time from Column Address | tAA 
Access Time from Precharge CAS tCPA 


CAS to Output in Low-Z tc 
Output Buffer and Turn-Off Delay tCEHOZ 
Transition Time (Rise and Fall) tT 

i 
{RAS 
RAS Pulse Width (Fast Page Mode) tRASP 
Hold Time | 
Hold Time tCSH 







5 
a 
@ 
© 
> 
pet) 
= 
io} 
@ 
am 
3 
@® 


E) 
ji 
n 
a) 
— 
8 

= 
rou 
> 


Be) 


>) 
|i 3 
on 


Column Address Setup Time tasc Fo | - | o | - [os] 
Column Address Hold Time tCAH |i | - | ~ {| - [owl] 
Column Address Hold Time Referenced to RAS tAR | 6 | — | 2% | — | nf | 
| tavreH | tran | 4 | - | 6 | - | ms] | 


(continued) 


20 [Sa 
— ia 
tcas | 20 | 10,000 | 25 | 10000 
men | 2 | o | = | 
aaa | ean | te [ae | oo 
7 ae a 
eee wor 
ee 
mex | tan [1 [| - [|] —- || 
[Column Address Setup Time SCS 
[Column Address Hold Time 
[Column Address Hold Time Referenced to RAS 


Column Address to RAS Lead Time 


NOTES: 
1. ViH min and Vi, max are reference levels for measuring timing of input signals. Transition times are measured between Vj} and Vj,. 
2. An initial pause of 200 us is required after power-up followed by 8 RAS cycles before proper device operation is guaranteed. 
3. The transition time specification applies for all input signals. In addition to meeting the transition rate specification, all input signals must 
transition between Vip and Vi, (or between Vi, and Vj}) in a monotonic manner. 
4. AC measurements ty =5.0 ns. 
5. The specifications for tr¢ (min) and trwc (min) are used only to indicate cycle time at which proper operation over the full temperature 
range (0°C <T,a <70°C) is assured. 
. Measured with a current load equivalent to 2 TTL (—200 pA, +4 mA) loads and 100 pF with the data output trip points set at 
VOH =2.0 V and Vo, =0.8 V. 
7. Assumes that tacp <trcp (max). 
8. Assumes that tacp=trcp (max). 
9 
0 


fo) 


. Assumes that trap =trap (max). 
. torr (max) and/or tgz (max) define the time at which the output achieves the open circuit condition and is not referenced to output 
voltage levels. 
11. Operation within the tacp (max) limit ensures that trac (max) can be met. trcp (max) is specified as a reference point only; if tacp is 
greater than the specified trcp (max) limit, then access time is controlled exclusively by tcac. 
12. Operation within the trap (max) limit ensures that trac (max) can be met. trap (max) is specified as a reference point only; if trap is 
greater than the specified thap (max), then access time is controlled exclusively by ta,. 
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READ, WRITE, AND READ-WRITE CYCLES (Continued) 


MCM514400-80 | MCM514400- 
Parameter Symbol MCM51L4400-80 | MCM51L4400- Notes 
an aoe [Mer [i [| 


[Read Command Setup Time twHceL | trcs | 0 | — | 

Read |Read Command Hold Time Referenced to CAS sid Hold Time Referenced to |Read Command Hold Time Referenced to CAS sid -tanice -_tngg_|_$_} =} 8} =m 
Read Command Hold Time Referenced to R aia Vwenwx| tary | 0 | - | 0 | - | w | 3 
ie Gori ld Tove Re ERS __t eeu tats 18} ft 
[Write Command Hold Time Referenced toRAS | treuwH | twcr | 6 | - | 7 | — | 
aan oS SC Se RN He 
Ce ee ee ee ee ae 
Ftwicen | tom [| 2 | - [| 2 | ~ [ons] | 
ee ee ee eee 
fins | 14 | 























* 
ol 
— 













Access Time 


ren 





Write to RAS Precharge Time (CAS Before RAS Refresh) | twHREL 
Write to RAS Hold Time (CAS Before RAS Refresh) tRELWL tWRH 





NOTES: 

13. Either tary or trcH must be satisfied for a read cycle. 

14. These parameters are referenced to CAS leading edge in early write cycles and to W leading edge in late write or read-write cycles. 

15. twcs. tawp. tcwp, tawb and tcpwp are not restrictive operating parameters. They are included in the data sheet as electrical 
characteristics only; if twos 2=twcs (min), the cycle is an early write cycle and the data out pin will remain open circuit (high impedance) 
throughout the entire cycle; if tcyyp =tcwp (min), thwp2tRwp (min), tawp2=tawp (min), and tepwp2=tcPpwp (min) (page mode), 
the cycle is a read-write cycle and the data out will contain data read from the selected cell. If neither of these sets of conditions is satisfied, 
the condition of the data out (at access time) is indeterminate. 
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READ CYCLE 
—t 


tRAS trp 


tAR 
RA 
vi — 
tcrp tRSH 'CRP 
x Woy 7 
a glee ed 
tASR taSC 
tRAH tCAH 
Vin — 
ADDRESSES XXX) aks 
Vit - 


wonss KXA__asonss_ OOK XK AXA KA) 


'RCH 
'RRH 


000000 PUN 


TAA 





'RCS 


* SRRRRRREKKKRERO, | ARRXRXRRKXERER 


tCAC 


tRAC t6z 
pa0-0a3 HIGH Z (XX VALID DATA OUT ) 
Vou — tCLz 


EARLY WRITE CYCLE 


‘OFF 


tRC 


tRAS trp 
Vin - TAR 


xz 
nan 


Vit - 


tCRP _| | tRSH = tcrP 
i SES 


ior) 
> 
” 


Vit — tRAH 
) ied es 
Vin — 
ronesses XT soars OX acness OOK XA) 


'RAD 


Wm KRRKEOO "KX AX RXR KARE 
~ eat are 


tRWL 


oP AKAN KAR AEH KHL RAKE KEK KKK 


Vi | . 
pa0-ba3 (} VALID DATAIN =D) HIGH 
Vii - 
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G CONTROLLED WRITE CYCLE 





tRC 


tras — = trp 
__ Vin- tAR 
AS 
tcRP tCRP 
__ Vin- . 
a” FTA 
Vit - 
tRAL 





tASR 
'CAH 


Vin - AF x : 
monesrs OX anomess DX rooms KOO OOOO _ 
| | toWL 
tRWL 


WORKXKKXXKXXKKXKKX 


CQOQO OOOO IY 


‘DH 


twp 


wT XXX 


ViL - 


~ HH" KAAAKAIV\/VY 
arene XXX OY | 





Vin ~ 7 / 7 | 
RD CN IRD COUCUMO UUW AONONI 
READ-WRITE CYCLE 
tRWC 
tRAS 3 ‘RP 
iH 
RAS | | 
- aera | 
— Vu- | | 





ae : 
1, A amoress XOX) owes —_ KKK KKK KAKA 
TRAD | ton : ee | 


trw t 
Dae Ea : bel 


Vin re : ; oan : twp 


ans ae Saar pa co 
” RXLKKRE — 


ADDRESSES 


=i 


oa 


rat— (CAC 






tRAC a-wl- tps | 
iS jt— to 
VinVou — ~~ a ———— 1 oe | 
i. ne OOK utoor PHM ortn XOX 
tCLz , 
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FAST PAGE MODE READ CYCLE 


tRASP eo RP 
ViH — TAR 


RAS 
Vit - k ae tpc 'RSH 
i tRcD CP ba 
sed Vin - tCAS (CAS ‘CAS 
cogiaee 
| | tral ———>| 
t t 
[me Movoto P| 
H- VI\/ 
wns DEK RY SE KOON SE OO SE KOON) 


IL 





tRCS «— RCS tRCH 
tRCH 
ee VVVV RV V7 7, 
OO VW WV IN) 
tAA tAA tAA 
tGA tGA tGA 
BS XXXL | ZOO | J OXXXAL LAX 
tCAC ‘CAC 
tRAC 
‘ tCLz 
OH — 
oon ae Pa} 
FAST PAGE MODE EARLY WRITE CYCLE 
tRASP 
he tAR 
RAS 
Vit - 


tcRP tpc 'RSH 
+ 'RCD tcp >t (CRP 
en = i \ tCAS tCAS tCAS // 
wn oS : 


cu ; 
Palani 
ADDRESSES i i ee ae tees Oe, COC 





; = KON inmss_ XXX) 
tRAD tow. —>] tew.——> teow. —>| 
Pa [a twes : re ee 


_. 


twcs 


: saa nea AX” ARNT” “LOX 


'WCH 'WCH 'WCH 


er = 


Vin — 


Vit - 
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FAST PAGE MODE READ-WRITE CYCLE 















— Vin - tRASP 
Vit - : : 
'CSH . trp 
| tPRWC 'RSH 
tacD— allel BG ‘CP el 7 tcRP 
__ Vin- tCAS : tCAS tCAS 
CAS \\ // 
Vi — ‘RAD : | 
- Ke tRAH tRAL 
tASR Le a (CAH 
tASC taSC 
J 
ADDRESSES (X ROW MY COLUMN / COLUMN N \ / XX KX KX \/ \/ \/ \/ \/ \/ 
_ apo ¥\’\ ADDRESS ¥\/\/\/\/ VV VV V/V/V 
tawL—| 
tRCS tcwD 
| tCPWD eg reais 
y = 
mY z \ 
4, WAA } 
f twp 
Vin - \ 
G 
Vit - F 
tg 
tcac| | 
tgz 
tos 
tOH 
VinVou — f 
pa0-003 {\) ‘ ze 
Vit VoL - 
teLz 
VALID VALID VALID . VALID VALID 
DATA OUT —DATA IN DATA OUT DATA IN DATA OUT —sC—DATA IN 
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RAS ONLY REFRESH CYCLE 
(W and G are Don’t Care) 


tRC 


tRP 
'RAS 


RAS 
Vit ; 
tcRP tRPC 


8 
=~ Oy] YY 
RAH 






von HY RRRRXKKKKXXEXKEED 





CAS BEFORE RAS REFRESH CYCLE 
(G and AO-A9 are Don’t Care) 


tRC 
trp tRAS trp 
__ Vin- 


Vit ~ i 
tRPC 
tcsr 
tcp pal 'CHR 
Vin - 
CAS 
Vit - 


twRP—< tWRH 


pa A/ NOOO OOOO IO AAAI 


‘OFF 


=z 
n 


Vou — 
p00-D03 y HIGH Z 
OL ~ 
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HIDDEN REFRESH CYCLE (READ) 
tRAS 


tRC 
trp 
__ Vn tAR tRAS 
RAS 
Vit - 
‘CRP aad 'CHR tCRP 
i A 
Vit - tRAD 
et es tASR | | 
tRAH tCAH 


Vin —- 
suet EXD Be KOIKE 


tRC 
tRP 


twRP 
'RCS tRRH tWRH 


we YY s KY CONDOOOOONE 
OO ALANA 


tCLZ 


tRAC Gz 
on cc 


VoL - 


HIDDEN REFRESH CYCLE (EARLY WRITE) 
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tRP 
tRAS 


tCHR 
tcRP 
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Vi — 
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tWRH 
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noone ™ XXXXM_ mewn KXXXXKKKKXLXKKKKKKKLNN 
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CAS BEFORE RAS REFRESH COUNTER TEST CYCLE 


tRP 
Vin - tRAS 


| 


>] 
> 
(7p) 


Vit - 


tesR tcpT 'RSH 
ae : tCHR 'CAS / / 
Vit - A 
Fone ae {CAH ay | 
wens TXKLXXKKKRR Se _KRKKKXXXXXXXKKKK 


tAA t 
; . tee? eal Pod RRH 
EAD CYCLE = twrp tWRH tcAc 'RCH 


«I TP XRAY [Ty] 
Ha ACOACOOALOLOCALO‘OLO‘AT0‘010'0745 Mal MR WYALOCATOCAOAIO 
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> 
(7p) 


tcLz ty d 


Vou — 
po0-pa3 i ; HIGH Z 5g XxX VALID DATA OUT ) 


tRWL 


“2 |] OX (XXXXRXKEXXE 
«SKORIK RHR KERIKERI KEKE 


tos ~——o 
V ~ ; 
000-003 ss HIGH Z (| VALID DATA IN > 
Il - 


‘AWD tCWL 
trcs aoe asl tRWL 
READ-WRITE CYCLE tcwo 


WRITE CYCLE ; ; ; “4 tCWL 
WRP WRH WCS 
; || ee = tal ry] tWCH 
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DEVICE INITIALIZATION 


On power-up an initial pause of 200 microseconds is required 
for the internal substrate generator to establish the correct 
bias voltage. This must be followed by a minimum of eight 
active cycles of the row address strobe (clock) to initialize all 
dynamic nodes within the RAM. During an extended inactive 
state (greater than 16 milliseconds with the device powered 
up), a wake up sequence of eight active cycles is necessary 
to assure proper operation. 


ADDRESSING THE RAM 

The ten address pins on the device are time multiplexed at 
the beginning of a memory cycle by two clocks, row address 
strobe (RAS) and column address strobe (CAS), into two sep- 


arate 10-bit address fields. A total of twenty address bits, ten | 


rows and ten columns, will decode one of the 1,048,576 bit 
locations in the device. RAS active transition is followed by 
CAS active transition (active = VL, tcp minimum) for all read 
or write cycles. The delay between RAS and CAS active tran- 
sitions, referred to as the multiplex window, gives a system 
designer flexibility in setting up the external addresses into the 
RAM. 

The external CAS signal is ignored until an internal RAS 
signal is available. This ‘‘gate’ feature on the external CAS 
clock enables the internal CAS line as soon as the row address 
hold time (tRAH) specification is met (and defines trcp min- 
imum). The multiplex window can be used to absorb skew 
delays in switching the address bus from row to column ad- 
dresses and in generating the CAS clock. 

There are three other variations in addressing the 1M x 4 
RAM: RAS only refresh cycle, CAS before RAS refresh 
cycle, and page mode. All three are discussed in separate 
sections that follow. 


READ CYCLE 


The DRAM may be read with four different cycles: ‘‘normal”’ 
random read cycle, page mode read cycle, read-write cycle, 
and page mode read-write cycle. The normal read cycle is 
outlined here, while i other cycles are discussed in separate 
sections. 

The normal read cycle begins as described in ADDRESS- 
ING THE RAM, with RAS and CAS active transitions latching 
the desired bit location. The write (W) input level must be high 
(ViH), tRcS (minimum) before the CAS active transition, to 
enable read mode. 

Both the RAS and CAS clocks trigger a sequence of events 
which are controlled by several delayed internal clocks. The 
internal clocks are linked in such a manner that the read access 
time of the device is independent of the address multiplex 
window. Both CAS and output enable (G) control read access 
time: CAS must be active before or at tacp maximum and G 
must be active trac-tGa (both minimum) after RAS active 
transition to guarantee valid data out (Q) at tac (access time 
from RAS active transition). If the tacp maximum is exceeded 
and/or G active transition does not occur in time, read access 
time is determined by either the CAS or G clock active transition 
(tCAC OF tGA). 

The RAS and CAS clocks must remain active for a minimum 
time of tras and tcas respectively, to complete the read 
cycle. W must remain n high throughout the cycle, and for time 
tRRH oF tRCH after RAS or CAS inactive transition, respec- 
tively, to maintain the data at that bit location. Once RAS 


transitions to inactive, it must remain inactive for a minimum 
time of trp to precharge the internal device circuitry for the 
next active cycle. Q is valid, but not latched, as long as the 
CAS and G clocks are active. When either the CAS or G clock 
transitions to inactive, the output will switch to High Z (three- 
state) toff or tGz after the inactive transition. 


WRITE CYCLE 


The user can write to the DRAM with any of four cycles; 
early write, late write, page mode early write, and page mode 
read-write. Early and late write modes are discussed here, while 
page mode write operations are covered in another section. 

A write cycle begins as described in ADDRESSING THE 
RAM. Write mode is enabled by the transition of W to active 
(Vii). Early and late write modes are distinguished by the active 
transition of W, with respect to CAS. Minimum active time 
tRAS and tcas, and precharge time trp apply to write mode, 
as in the read mode. 

An early write cycle is characterized by W active transition 
at minimum time twcs before CAS active transition. Data in 
(D) is referenced to CAS in an early write cycle. RAS and CAS 
clocks must stay active for tnyw_ and tcwL, respectively, 
after the start of the early write operation to complete the 
cycle. 

Q remains in three-state éGadttion throughout an early write 
cycle because W active transition precedes or coincides with 
CAS active transition, keeping data-out buffers and G disabled. 

A late write cycle (referred to as G-controlled write) occurs 
when W active transition is made after CAS active transition. 
W active transition could be delayed for almost 10 microse- 
conds after CAS active transition, (trcp+tcwpt+ 
tRWL+2tT) StRAS, if other timing minimums (tRcp, tRWL 
and tT) are maintained. D is referenced to W active transition 
in a late write cycle. Output buffers are enabled by CAS active 
transition but outputs are switched off by G inactive transition, 
which is required to write to the device. Q may be indeter- 
minate—see note 15 of AC operating conditions table. RAS 
and CAS must remain active for taw i and tcw, respectively, 
after W active transition to complete the write cycle. G must 
remain inactive for tg after W active transition to complete 
the write cycle. 


READ-WRITE CYCLE 


A read-write cycle performs a read and then a write at the 
same address, during the same cycle. This cycle is basically 
a late write cycle, as discussed in the WRITE CYCLE section, 
except W must remain high for tcwp minimum after the CAS 
active transition, to guarantee valid Q before writing the bit. 


PAGE MODE CYCLES 


Page mode allows fast successive data operations at all 1024 
column locations on a selected row of the 1M x4 dynamic 
RAM. Read access time in page mode (tCAc) is typically half 
the regular RAS clock access time, trac. Page mode oper- 
ation consists of keeping RAS active while toggling CAS be- 
tween Viy and Vj_. The row is latched by RAS active 
transition, while each CAS active transition allows selection 
of a new column location on the row. 

A page mode cycle is initiated by a normal read, write, or 
read-write cycle, as described in prior sections. Once the timing 
requirements for the first cycle are met, CAS transitions to 
inactive for minimum of tcp, while RAS remains low (Vj). 
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The second CAS active transition while RAS is low initiates 
the first page mode cycle (tpc or tpRwc). Either a read, write, 
or read-write operation can be performed in a page mode cycle, 
subject to the same conditions as in normal operation (pre- 
viously described). These operations can be intermixed in con- 
secutive page mode cycles and performed in any order. The 
maximum number of consecutive page mode cycles is limited 
by tRaSp. Page mode operation is ended when RAS transi- 
tions to inactive, coincident with or following CAS inactive 
transition. 


REFRESH CYCLES 


The dynamic RAM design is based on capacitor charge 
storage for each bit in the array. This charge will tend to 
degrade with time and temperature. Each bit must be period- 
ically refreshed (recharged) to maintain the correct bit state. 
Bits in the MCM514400 require refresh every 16 milliseconds, 
while refresh time for the MCM51L4400 is 128 milliseconds. 

This is accomplished by cycling through the 1024 row ad- 
dresses in sequence within the specified refresh time. All the 
bits on a row are refreshed simultaneously when the row is 
addressed. Distributed refresh implies a row refresh every 15.6 
microseconds for the MCM514400, and 124.8 microseconds 
for the MCM51L4400. Burst refresh, a refresh of all 1024 rows 
consecutively, must be performed every 16 milliseconds on 
the MCM514400 and 128 milliseconds on the MCM51L4400. 

A normal read, write, or read-write operation to the RAM 
will refresh all the bits (4096) associated with the particular 
row decoded. Three other methods of refresh, RAS-only re- 
fresh, CAS before RAS refresh, and hidden refresh are 
available on this device for greater system flexibility. 


RAS-Only Refresh 


RAS-only refresh consists of RAS transition to active, latch- 


ing the row address to be refreshed, while CAS remains high 
(Viz) throughout the cycle. An external counter is employed 
to ensure all rows are refreshed within the specified limit. 


CAS Before RAS Refresh 


CAS before RAS refresh is enabled by bringing CAS active 
before RAS. This clock order activates an internal refresh 
counter that generates the row address to be refreshed. Ex- 


MEMORY CYCLE 





RAS 


CA 


00-003 ——~ HIGH Z 


CAS BEFORE RAS 
REFRESH CYCLE 






ternal address lines are ignored during the automatic refresh 
cycle. The output buffer remains at the same state it was in 
during the previous cycle (hidden refresh). W must be inactive 
for time twrp before and time twRH after RAS active tran- 
sition to prevent switching the device into a test mode cycle. 


Hidden Refresh 


Hidden refresh allows refresh cycles to occur while main- 
taining valid data at the output pin. Holding CAS active at the 
end of a read or write cycle, while RAS cycles inactive for trp 
and back to active, starts the hidden refresh. This is essentially 
the execution of a CAS before RAS refresh from a cycle in 
progress (see Figure 1). W is subject to the same conditions 
with respect to RAS active transition (to prevent test mode 
cycle) as in CAS before RAS refresh. 


CAS BEFORE RAS REFRESH COUNTER TEST 


The internal refresh counter of this device can be tested 
with a CAS before RAS refresh counter test. This test is 
performed with a read-write operation. During the test, the 
internal refresh counter generates the row address, while the 
external address supplies the column address. The entire array 
is refreshed after 1024 cycles, as indicated by the check data 
written in each row. See CAS before RAS refresh counter 
test cycle timing diagram. 

The test can be performed after a minimum of eight CAS 
before RAS initialization cycles. Test procedure: 


1. Write “‘0’’s into all memory cells with normal write mode. 
Select a column address, read ‘‘0” out and write “1” into 
the cell by performing the CAS before RAS refresh 
counter test, read-write cycle. Repeat this operation 
1024 times. 

3. Read the “1’’s which were written in step 2 in normal read 
mode. 

4. Using the same starting column address as in step 2, read 
“1” out and write “0” into the cell by performing the CAS 
before RAS refresh counter test, read-write cycle. 
Repeat this operation 1024 times. 

5. Read ‘‘0’’s which were written in step 4 in normal read 
mode. 

6. Repeat steps 1 to 5 using complement data. 





CAS BEFORE RAS 
REFRESH CYCLE 





Figure 1. Hidden Refresh Cycle 
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TEST MODE _ ; et a table). Test mode is disabled by a RAS only refresh cycle or 
The internal organization of this device (512K x 8) allows it CAS before RAS refresh cycle. The test mode performs 

to be tested as if it were a 512K x 1 DRAM. Nineteen of the refresh with the internal refresh counter like a CAS before 

twenty addresses are used when operating the device in test » RAS refresh. 7 : 

mode. Column address AO is ignored by the device in test | 

mode. A test mode cycle reads and/or writes data to a bit in Test Mode Truth Table | 


each of the eight 512K blocks (BO-B7) in parallel. External data 
out is determined by the internal test mode logic of the device. 
See truth table and test mode block diagram following. 

Test mode is enabled by performing a test mode cycle 
(see test mode timing diagram and parameter specifications 


(pb 60,61 | 62.63 | e465 | e687] 0 | 
0 0: 0 0 





Any Other 


| TEST MODE _ 
AC OPERATING CONDITIONS AND CHARACTERISTICS 
(Vcc =5.0 V +10%, Ta =0 to 70°C, Unless Otherwise Noted) 


READ, WRITE, AND READ-WRITE CYCLES (See Notes 1, 2, 3, and 4) 


Parameter . eee | 


Random Read or Write Cycle Time _ . tRELREL 
Read-Write Cycle Time Saree | tRELREL 
| tceLceL | __ tPC 


Fast Page Mode Cycle Time tCELCEL t 


| Min 
| 155 
| 210 | 
| tec | 5 
Fast Page Mode Read-Write Cycle Time 'tcecce. | tprwc | 115 | 
Access Time from RAS | tretov | trac | — | 
Access Time from CAS | tcerov | tcac | — | 
Access Time from Column Address | tavav | tan | - | 
Access Time from Precharge CAS ltcenov | tera | — | 
RAS Pulse Width | |tRELREH| tras | 85 _| 
A [tRELREH | ‘rasp | 8 
RAS Hold Time ftcetREH | trsH | 2 
| CAS Hold Time ftrerceH | tcsH | 85 | 
CAS Pulse Width 'tcerceH | tcas | 25 
Column Address to RAS Lead Time . | tavrRed | trRAL | 45 | 
CAS to Write Delay | | tceewe | tcwo | 5 | 
RAS to Write Delay | | tree | trwo | 15 
ee ae 

eae 

G 


Column Address to Write Delay Time 


75 
CAS Precharge to Write Delay Time (Page Mode) tCEHWL | tCPWD 

G Access Time tecav | toa | — 
G Command Hold Time | | twice | toy | 25 


NOTES: 
1. Vipy min and Viz max are reference levels for measuring timing of input signals. Transition times are measured between Vj} and Vi,. 
2. An initial pause of 200 us is required after power-up followed by 8 RAS cycles before proper device operation is guaranteed. 
3. The transition time specification applies for all input signals. In addition to meeting the transition rate specification, all input signals must 
transition between Vj} and Vi, (or between Vi_ and Vj}) in a monotonic manner. 
4. AC measurements ty =5.0 ns. 
5. The specifications for tac (min) and trwc (min) are used only to indicate cycle time at which proper operation over the full temperature 
range (0°C <T, <70°C) is assured. | 

. Measured with a current load equivalent to 2 TTL (—200 pA, +4 mA) foads and 100 pF with the data output trip points set at 
VOH =2.0 V and Vo, =0.8 V. eg 

. Assumes that tacp <trcp (max). 

. Assumes that tpcp2trcp (max). 

. Assumes that thap=tRAD (max). | ; 

- twcs. tRwpb. tcwp. tawD and tcpwp are not restrictive operating parameters. They are included in the data sheet as electrical 
characteristics only; if twos =twcs (min), the cycle is an early write cycle and the data out pin will remain open circuit (high impedance) 
throughout the entire cycle; if tcwp2=tcwp (min), twp =trRwp (min), tawp =tawp (min), and tcpwp2=tcPpwD (min) (page mode), 
the cycle is a read-write cycle and the data out will contain data read from the selected cell. If neither of these sets of conditions is satisfied, 
the condition of the data out (at access time) is indeterminate. 
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TEST MODE BLOCK DIAGRAM 





A 
5 oc Vee 


Aoc O 
- NORMAL 
e C) 
A 

Y : 512K BLOCK O 

er ee a 
Ao TEST 
foo Ge <<. 


C 
C) 
TEST 512K BLOCK |B 
it es 
C) 
NORMAL 
() = 
Aoc 

oO Aoc 3 Voc 


NORMAL 
512K BLOCK 


O 
C e 
OO 
Fos ‘ | )) : 
Agc = TEST 


O 
TEST 512K BLOCK | 


B3 
ae. Qs 


O 
0S 
oo 


Y NORMAL 


tH 


U 
> 
f—] 
oo 
<= 
QO 
oO 


Aoc a 
¢ NORMAL 


tL 


512K BLOCK {§ 


U 
e 
Roc et =) 
oc = gs D TEST 


paz }—a NORMAL _—" 
; } poz 
TEST 512K BLOCK a 
B5 
Laie om | 
L) 


Y NORMAL 
@ 


Y Aoc 
A 
Oo Aac V 
Aoc . CC 
C) 
O O (> NORMAL 
512K BLOCK | G | 
— BG 
Aoc Ee Y TEST 
©) 
[903 }-—o~_NORMAt i, 
; } p03 | 
TEST 512K BLOCK fi 
B7 


a) > TEST 


a 
NORMAL 


C) 
Aoc 





MOTOROLA MEMORY DATA 


2-109 


MCM514400e MCM51L4400 


RAS 


TEST MODE CYCLE 
(G and AO to AQ are Don’t Care) 


tre - 
trp 
Vin — 
a tRAS 
ua tRPC 


tcp 


TMF Nett RRR KEKE KREKERERE 


Vi - 
VW 7 . tWTH 
WOOO Ar rs AXXKKKKKAKXKXAMKXKAKKK 
ite tOFF 
DQ0-D03 D HIGH Z 
Vou - 
ORDERING INFORMATION 
(Order by Full Part Number) 
MCM 514400 or 5114400 x XX XX 
Motorola Memory Prefix Shipping Method (R2= Tape & Reel, 
* Blank = Rails) 
Part Number 


Speed (80=80 ns, 10= 100 ns) 


Package (J = Plastic SO with J leads, 


Z= Plastic ZIP) 
Full Part Numbers— MCM514400J80 MCM514400J80R2 MCM514400Z80 
MCM514400J 10 MCM514400J10R2 MCM514400Z10 


MCM51L4400J80 MCM51L4400J80R2. + MCM51L4400Z80 
MCM51L4400J 10 MCM51L4400J10R2 §©MCM51L4400Z10 
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- DRAM MODULES (Contact DRAM Marketing 


Motorola Address Operating 
Organi- Part Access Time Current Pin 
zation Number ns Max mA Max Count 


for Custom DRAM Modules 


Options 
























































8M 

56Kx9 |MCM94256 70/80/100 | 240/210/190 
w/Parit MCM9L4256 | 70/80/100 | 240/210/190 
32M 


MCM81000 | 70/80/100 | 640/560/480 30 |(S)IMM, (L)SIP 
MCM8L1001 | 70/80/100| 640/560/480 30 |(S)IMM, (L)SIP 
MCM81001_ | 70/80/100| 640/560/480 30  |(S)IMM, (L)SIP 
MCM81002__| 70/80/100 | 640/560/480 30 
MCM91000_ | 70/80/100 | 720/630/540 30  |(S)IMM, (L)SIP, SG (gold) 
w/Parity MCM9L1000 | 70/80/100 | 720/630/540 30  |(S)IMM, (L)SIP, SG (gold) 
MCM91001_ | 70/80/100| 720/630/540 30 |(S)IMM, (L)SIP 
| MCM91002__| 70/80/100 | 720/630/540 S)IMM, (L)SIP 
bi bend A 
MCM8L4256_| 70/80/100 | _160/140/120 S)IMM 
2 ) 


30 
30 
30 |(S)IMM 
EE 
| 4Mxi_|MCM11400_| 80/100 [| 90/80 | 26 (Z)IMM_ 
al all 
| MCM8L4000 80/100 800/680 30 S)IMM 
MCM9L4000 80/100 900/765 30 S)IMM 


| 32M_w/Parity | _1Mx40_|MCM40100" | 80/100 | _1050/900 _| 
| 64M_w/Parity | _2Mx40_|MCM40200* | 80/100 | _1070/920__| 


*To be introduced. 
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a SEMICONDUCTOR 
TECHNICAL DATA 


Product Preview | MCM36100 
1M x 36 Bit Dynamic Random icin 
Access Memory Module 


The MCM36100S is a 36M, dynamic random access memory (DRAM) module 
organized as 1,048,576 x 36 bits. The module is a 72-lead single-in-line memory 
module (SIMM) consisting of eight MCM514400 DRAMs housed in standard 350-mil- 
wide SOJ packages and four CMOS 1M x 1 DRAMs housed in 20/26 lead SOJ pack- 
ages, mounted on a substrate along with a 0.22 uF (min) decoupling capacitor 
mounted under each DRAM. The MCM514400 is a CMOS high speed, dynamic ran- 
dom access memory organized as 1,048,576 four-bit words and fabricated with 
CMOS silicon-gate process technology. 


e Three-State Data Output 
e Early-Write Common I/O Capability 
e Fast Page Mode Capability 
e TTL-Compatible Inputs and Outputs 
e RAS Only Refresh 
e CAS Before RAS Refresh 
e Hidden Refresh 
e 1024 Cycle Refresh: 
MCM36100S = 16 ms (Max) 
MCM36L100S = 128 ms (Max) 
e Consists of Eight 1M x 4 DRAMs, Four 1M x 1 DRAMs, and Twelve 0.22 uF (Min) 
Decoupling Capacitors 
e Unlatched Data Out at Cycle End Allows Two Dimensional Chip Selection 
e Fast Access Time (trac): 
MCM36100S-80 = 80 ns (Max) 
MCM36100S-10 = 100 ns (Max) 
e Low Active Power Dissipation: 
MCM36100S-80 = 6.16 W (Max) 
MCM36100S-10 = 5.28 W (Max) 
e Low Standby Power Dissipation: 
TTL Levels = 132 mW (Max) 
CMOS Levels = 66 mW (Max, MCM36100S) 
CMOS Levels = 22 mW (Max, MCM36L100S) 
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All power supply and ground pins must be 
connected for proper operation of the device. 
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This document contains information on a new product. Specifications and information herein are subject to change without notice. 
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BLOCK DIAGRAM 


DQO 
DQ1 
DQ2 
DQ3 


CASO 
RASO 


DQ4 
DQ5 
DQ6 
DQ7 





DQ8 


DQ9 

DQ10 
DQ11 
DQ12 


CAS1 


DQ13 
DQ14 
DQ15 
DQ16 


CAS Din DQ17 
RAS w  ao-ag Pou ee 
be | 


DQ18 
DQ19 
- DQ20 
DQ21 





CAS2 
RAS2 


pa22 
pa23 
pa24 
pa25 


-DQ26 


DQ27 
DQ28 
DQ29 
DQ30 


CAS3 


DQ31 
DQ32 
DQ33 
DQ34 


DQ35 





Voc Seg te ee ee U0-U11 
0.22 uF (Min.) | 





U0-U11 


PRESENCE DETECT PIN OUT 


Finname | 7one | One [1008 


PD1 Vss Vss Vss 


PD2 Vss Vss Vss 
PD3 Vss NC Vss 
PD4 NC Vss Vss 
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ABSOLUTE MAXIMUM RATINGS (See Note) 


Rating 
Power Supply Voltage Voc V 


(For Any Pin Except Vcc) 
[Dat OupuGureniperoorin «| tw | iA 
PowerDisspaion —SSSC*SC P| 
[OperaingTenperarerarge «it~ ta~| ows —‘|e_—| 


NOTE: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are exceeded. 
Functional operation should be restricted to RECOMMENDED OPERATING 
CONDITIONS. Exposure to higher than recommended voltages for extended periods of 
time could affect device reliability. 


This device contains circuitry to 
protect the inputs against damage 
due to high static voltages or electric 
fields; however, it is advised that 
normal precautions be taken to 
avoid application of any voltage 
higher than maximum rated voltages 
to these high impedence circuits. 




















DC OPERATING CONDITIONS AND CHARACTERISTICS 
(Vcc = 5.0 V+ 10%, Ta = 0 to 70°C, Unless Otherwise Noted) 


RECOMMENDED OPERATING CONDITIONS 


es 
cia) 


Supply Voltage (Operating Voltage Range) Voc 
Vss 


Logic High Voltage, All Inputs 
Logic Low Voltage, All Inputs 












RECOMMENDED OPERATING CONDITIONS 


po Characteristic | Symbol | Min | Max | Unit | 


Voc Power Supply Current loci mA 
. 1120 
960 


MCM36100-80, tac = 150 ns 

MCM36100-10, tac = 180 ns 
Voc Power Supply Current During RAS only Refresh Cycles loc3 mA 

MCM36100-80, tac = 150 ns 1120 

MCM36100-10, tac = 180 ns 960 

loca mA 2 

MCM36100-80, tac = 150 ns 760 

MCM36100-10, tac = 180 ns 640 
Vcc Power Supply Current (Standby) (RAS = CAS = Vcc -—0.2 V) MCM36100 locs 12 mA 

MCM36L100 4 

Voc Power Supply Current During CAS Before RAS Refresh Cycle 


MCM36100-80, tac = 150 ns 
MCM36100-10, tac = 180 ns 


Output Leakage Current (CAS at Logic 1, Vss < Vout $ Voc) | tng) | -20 | 20 | nA | 

















Voc Power Supply Current During Fast Page Mode Cycle 











[ouputtow Votape lq =42may SSSOS~S~S Ym = ee 


NOTES: 
1. All voltages referenced to Vss. 
2. Current is a function of cycle rate and output loading; maximum current is measured at the fastest cycle rate with the output open. 
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CAPACITANCE (f = 1.0 MHz, Ta = 25°C, Vcc = 5 V, Periodically Sampled Rather Than 100% Tested) 





/O Capacitance (DQ0-—DQ7, DQ9—DQ16, DQ18—-DQ25, DQ27-DQ34 
I/O Capacitance (DQ8, DQ17, DQ26, DQ35) . 


NOTE: 
1. Capacitance measured with a Boonton Meter or effective capacitance calculated from the equation: C=1At/AV. 





AC OPERATING CONDITIONS AND CHARACTERISTICS 
(Voc = 5.0 V+ 10%, Ta = 0 to 70°C, Unless Otherwise Noted) 


READ AND WRITE CYCLES (See Notes 1, 2, 3, and 4) 


Parameter | Standard | Alternate 
Random Read or Write Cycie Time 150 
Page Mode Cycle Time 50 

- tan 
tr 












MCM36100-80 MCM36100-10 
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Access Time from RAS 
Access Time from CAS 
Access Time from Column Address | tov | tan 
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CAS to Output in Low-Z tcLz 
Output Buffer and Turn-Off Delay torr | 
Transition Time (Rise and Fall) 
| 


nN 
oO 
ips] 
oO 


3 


4] 
Oo 


RAS Precharge Time j trenner | tee 
FAS Pulse Wiath | treuren [teas 
RAS Pulse Width (Fast Page Mode) | tretrcy | tease | 


~“ 
Oo 


Qo 
oO 


10,000 
100,000 


- 100 
100 


10,000 
100,000 


: a 


RAS Hold Time tasH 


NOTES: 

1. Vin min and Vi, max are reference levels for measuring timing of input signals. Transition times are measured between Vy and Vj,. 

2. An initial pause of 200 ys is required after power-up followed by 8 RAS cycles before proper device operation is guaranteed. 

3. The transition time specification applies for all input signals. In addition to meeting the transition rate specification, all input signals must 
transition between V}4 and Vi_ (or between Vj, and Viy) in a monotonic manner. 

4. AC measurements ty = 5.0 ns. 

5. The specifications for tac (min) and tawc (min) are used only to indicate cycle time at which proper operation over the full temperature range 
(0°C < Ta < 70°C) is assured. ; | . 

6. Measured with a current load equivalent to 2 TTL (— 200 pA, + 4 mA) loads and 100 pF with the data output trip points set at Voy = 2.0 V and 
VoL = 0.8 V. : 

7. Assumes that tacp < tacp (max). 

8. Assumes that tacp 2 tacp (max). 

9. Assumes that trap 2 trap (max). 
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(continued) 


. torr (max) defines the time at which the output achieves the open circuit condition and is not referenced to output voltage levels. 

. Operation within the tacp (max) limit ensures that taac (max) can be met. tacp (max) is specified as a reference point only; if tacp is greater 
than the specified tacp (max) limit, then access time is controlled exclusively to tcac. 

12. Operation within the taap (max) limit ensures that taac (max) can be met: trap (max) is specified as a reference point only; if trap is greater 

than the specified taap (max), then access time is controlled exclusively by taa. 
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READ AND WRITE CYCLES (Continued) 


MCM36100-80 MCM36100-10 

CAS to RAS Precharge Time | tceune. | tere | 5 | — | 

CAS Precharge Time (Page Mode Cyle Only) | tcencer | ter =| 10 | — | 

Row Address Setup Time | twrer | toon | 0 | — | 
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Column Address Setup Time tavceL tasc a ga 


Column Address Hold Time Referenced tRELAX tar 
to RAS 


Column Address to RAS Lead Time 
Read Command Setup Time 


Read Command Hold Time Referenced tcEHWx tac 
to CAS 
Read Command Hold Time Referenced tREHWx trRH 

to RAS 
Write Command Hold Time Referenced 
Write Command Hold Time Referenced tRELWH twcr 
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Write Command to CAS Lead Time 
Data in Setup Time | tovee. | tos | 0 | 
Data in Hold Time Referenced to RAS 


| 60 | 

Refresh Period MCM36100 ates 16 fe 

MCM36L100 128 128 

Write Command Setup Time | tmce | twos | 0 | — | 

CAS Setup Time for CAS Before RAS Refresh | trercer | tese | to | — | 

CAS Hold Time for CAS Before RAS Refresh | treccen | tener | 30 | — | 

CAS Precharge to CAS Active Time | trence. | tare | 0 | — | 0 | 
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ns 14,15 
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CAS Precharge Time for CAS Before RAS tcEHCEL tcprt 40 
Counter Test 


NOTES: 
' 13. Either tay or tac must be satisfied for a read cycle. 
14. These parameters are referenced to CAS leading edge in random write cycles. 
15. Early write only (twos 2 twcs (min)). 
16. twos is not a restrictive operating parameter. It is included in the data sheet as an electrical characteristic only; if twos 2 twcs (min), the cycle 
is an early write cycle and the data out pin will remain open circuit (high impedance) throughout the entire cycle. If this condition is not satisifed, 
the condition of the data out (at access time) is indeterminate. 
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READ CYCLE 
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FAST PAGE MODE READ CYCLE 
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RAS ONLY REFRESH CYCLE 
(W and AQ are Don’t Care) 


tRC 
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iL 


tCRP a 'RPC 
— VIH- 
m8 / 
VIL a 
tASR 


'RAH 
VIH 


SEN) TRE CKKKKKKNNNMMNAHHNNNNN NNN 


VOH — 
DQ0-DQ35 me ee ; 
(DATA OUT) RSE 
OL 


CAS BEFORE RAS REFRESH CYCLE 
(W and AO to AQ are Don’t Care) 


tRC 
tRA tRp 
__ ~VIH — : 
RAS 
VIL nc! 
tRPC 
os tCHR ——— 
{CPN oes 
_—.- VIH — 
CAS 
VIL = 
lOFF 
pao-pags VOH — re 
DATA OUT : 
( ) VoL — 





MOTOROLA MEMORY DATA 


3-10 


MCM36100e MCM36L100 


HIDDEN REFRESH CYCLE (READ) 
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HIDDEN REFRESH CYCLE (WRITE) 
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CAS BEFORE RAS REFRESH COUNTER TEST CYCLE 
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DEVICE INITIALIZATION 


On power-up an initial pause of 200 microseconds is re- 
quired for the internal substate generator pump to establish the 
correct bias voltage. This is to be followed by a minimum of 
eight active cycles of the row address strobe (clock) to initialize 
the various dynamic nodes internal to the module. During an 
extended inactive state of the device (greater than 4 millisec- 
onds with device powered up), the wake up sequence (8 active 
cycles) will be necessary to assure proper device operation. 


ADDRESSING THE RAM 


The ten address bus pins on the device are time multiplexed 
with two separate 10-bit address fields that are strobed at the 
beginning of the memory cycle by two clocks (active negative) 
called the row address strobe (RAS) and the column address 
strobe (CAS). A total of twenty address bits will decode one of 
the 524,288 word locations in the device. The column address 
strobe follows the row address strobe by a specified minimum 
and maxium time called tacp, which is the row to column strobe 
delay. This time interval is also referred to as the multiplex win- 
dow which gives flexibility to a system designer to set up the 
external addresses into the RAM. These conditions have to be 
met for normal read or write cycles. This initial portion of the 
cycle accomplishes the normal addressing of the device. 
These are, however, two other variations in addressing the 
module, one is called the RAS only refresh cycle (described 
later) where a 9-bit row address field is presented on the input 
pins and latched by the RAS clock. The most significant bit on 
Row Address AQ is not required for refresh. The other varia- 
tion, which is called page mode, allows the user to column ac- 
cess all words within a selected row. (See PAGE-MODE 
CYCLES section.) 


READ CYCLE 


Aread cycle is referred to as anormal read cycle to differen- 
tiate it from a page mode read cycle, which is covered in a later 
section. 

The memory read cycle begins with the row addresses valid 
and the RAS clock transitioning from Vj to the Vi_ level. The 
CAS clock must also make a transition from Vy to the Vy, level 
at the specified tacp timing limits when the column addresses 
are latched. Both the RAS and CAS clocks trigger a sequence 
of events which are controlled by several delayed internal 
clocks. Also, these clocks are linked in such a manner that the 
access time of the device is independent of the address multi- 
plex window. The only stipulation is that the CAS clock must be 
active before or at the tacp maximum specification for an ac- 
cess (data valid) from the RAS clock edge to be guaranteed 
(trac). If the tacp maximum condition is not met, the access 
(tcac) from the CAS clock active transition will determine read 
access time. The external CAS signal is ignored until an inter- 
nal RAS signal is available. This gating feature on the CAS 
clock will allow the external CAS signal to become active as 
soon as the row address hold time (tray) specification has 
been met and defines the tacp minimum specification. The 
time difference between tacp minimum and tracp maximum 
can be used to absorb skew delays in switching the address 
bus from the row to column addresses and in generating the 
CAS clock. 

Once the clocks have become active, they must stay active 
for the minimum (tRas) period for the RAS clock and the mini- 


mum (tcas) period for the CAS clock. The RAS clock must stay 
inactive for the minimum (tap) time. The former is for the com- 
pletion of the cycle in progress, and the latter is for the device 
internal circuitry to be precharged for the next active cycle. 

Data out is not latched and is valid as long as the CAS clock 
is active; the output will switch to the three-state mode when 
the CAS clock goes inactive. To perform a read cycle, the write 
(W) input must be held at the Vy level from the time the CAS 
clock makes its active transition (tacs) to the time when it tran- 
sitions into the inactive (tacH) mode. 


WRITE CYCLE 

Awrite cycle is similar to a read cycle except that the write 
(W) clock must go active (Vj, level) at or before the CAS clock 
goes active at a minimum twcs time. If the above condition is 
met, then the cycle in progress is referred to as an early write 
cycle. In an early write cycle, the write clock and the data in are 
referenced to the active transition of the CAS clock edge. 
There are two important parameters with respect to the write 
cycle: the column strobe to write lead time (tcw_) and the row 
strobe to write lead time (taw_). These define the minimum time 


that RAS and CAS clocks need to be active after the write oper- 
ation has started (W clock at Vj, level). 


PAGE-MODE CYCLES 


Page mode operation allows fast successive data opera- 
tions at all 1024 column locations on a selected row. Page ac- 
cess (tcac) is typically half the regular RAS clock access (trac) 
on the Motorola 1M dynamic RAM. Page mode operation con- 
sists of holding the RAS clock active while cycling the. CAS 
clock to access the column locations determined by the 10-bit 
column address field. 

The page cycle is always initiated with a row address being 
provided and latched by the RAS clock, followed by the column 
address and CAS clock. From the timing illustrated, the initial 
cycle is a normal read or write cycle, that has been previously 
described, followed by the shorter CAS cycles (tpc). The CAS 
cycle time (tpc) consists of the CAS clock active time (tcas), 
and CAS clock precharge time (tcp) and two transitions. In 
practice, any combination of read and write cycles can be per- 
formed to suit a particular application. 


REFRESH CYCLES 


The dynamic RAM design is based on capacitor charge 
storage for each bit in the array. This charge will tend to de- 
grade with time and temperature. Therefore, to retain the cor- 
rect information, the module needs to be refreshed at least 
once every 16 milliseconds. This is accomplished by sequen- 
tially cycling through the 1024 row address locations every 16 
milliseconds (i.e., at least one row every 15.6 microseconds). 
Anormal read or write operation to the module will also refresh 
all the words associated with the particular row(s) decoded. 


RAS-Only Refresh 


in this refresh method, the system must perform a 
RAS-only cycle on 1024 row addresses every 16 milliseconds. 
The row addresses are latched in with the RAS clock, and the 
associated internal row locations are refreshed. As the 
heading implies, the CAS clock is not required and must be 
inactive or at a Vip level. 
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CAS Before RAS Refresh 


This refresh cycle is initiated when RAS falls, after CAS has 
been low (by tcsr). This activates the internal refresh counter 
which generates the row address to be refreshed. Externally 
applied addresses are ignored during the automatic refresh 
cycle. If the output buffer was off before the automatic refresh 
cycle, the output will stay in the high impedance state. If the 
output was enabled by CAS in the previous cycle, the data out 
will be maintained during the automatic refresh cycle as long 
as CAS is held active (hidden refresh). 


Hidden Refresh 


The hidden refresh method allows refresh cycles to be per- 
formed while maintaining valid data at the output pin. Hidden 
refresh is performed by holding CAS at Vi. and taking RAS 
high and after a specified precharge period (tap), executing a 
CAS before RAS refresh cycle. (See Figure 1.) 


_CAS BEFORE RAS REFRESH COUNTER TEST 


The internal refresh counter of the device can be tested with 


a CAS before RAS refresh counter test. This refresh counter 





MEMORY CYCLE 







RAS 


CAS 


DQ0-DQ35 — HIGH-Z 


test is performed with read and write operations. During this 
test, the internal refresh counter generates the row address, 
while the external address input supplies the column address. 
The entire array is refreshed after 1024 test cycles, as indi- 
cated by the check data written in each row. See CAS before 
RAS refresh counter test cycle timing diagram. 

The test can be performed only after a minimum of 8 CAS 
before RAS initialization cycles. The test procedure is as 
follows: 


1. Write “O’s into all memory cells (normal write mode). 

2. Select a column address, and read “0” out of the cell by 
performing CAS before RAS refresh counter test, read 
cycle. Repeat this operation 1024 times. 

3. Select a column address, and write “1” into the cell by 
performing CAS before RAS refresh counter test, write 
cycle. Repeat this operation 1024 times. . 

4. Read “1”s (normal read mode), which were written at step 
3: 

5. Repeat steps 1 to 4 using complement data. 





REFRESH CYCLE 





REFRESH CYCLE 





Figure 1. Hidden Refresh Cycle 


ORDERING INFORMATION 
(Order by Full Part Number) 


MCM 36100 or 36L100 


Motorola Memory Prefix 


x XX 


cine Speed (80 = 80 ns, 10 = 100 ns) 


Part Number Package (S = SIMM, SG = Gold Pad SIMM) 
Full Part Numbers - MCM36100S80 MCM36100SG80 
MCM36100S10 MCM36100SG10 
MCM36L100S80 MCM36L100SG80 
MCM36L100S10 MCM36L100SG10 


NOTE: Contact your Motorola representative for further information on the Gold Pad SIMM packages. 
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a SEMICONDUCTOR 
TECHNICAL DATA 


MCM36200 
Product Preview MCM36L200 


2M x 36 Bit Dynamic Random 
Access Memory Module 


The MCM36200S is a 72M, dynamic random access memory (DRAM) module 
organized as 2,097,152 x 36 bits. The module is a double-sided 72-lead single-in-line 
memory module (SIMM) consisting of eight MCM514400 DRAMs housed in standard 
350-mil-wide SOJ packages and four CMOS 1M x 1 DRAMs housed in 20/26 lead 
SOJ packages, mounted on a substrate along with a 0.22 uF (min) decoupling capaci- 
tor mounted under each DRAM. The MCM514400 is a CMOS high speed, dynamic 
random access memory organized as 1,048,576 four-bit words and fabricated with 
CMOS silicon-gate process technology. 


e Three-State Data Output 

e Early-Write Common 1l/O Capability 
e Fast Page Mode Capability 

e TTL-Compatible Inputs and Outputs 
e RAS Only Refresh 

e CAS Before RAS Refresh 

e Hidden Refresh 

e 1024 Cycle Refresh: 


MCM36200S = 16 ms (Max) 
MCM36L200S = 128 ms (Max) 


e Consists of Sixteen 1M x 4 DRAMs, Eight 1M x 1 DRAMs, and 
Twenty Four 0.22 uF (Min) Decoupling Capacitors 
e Unlatched Data Out at Cycle End Allows Two Dimensional Chip Selection 
e Fast Access Time (tRac): 
MCM36200S-80 = 80 ns (Max) 
MCM36200S-10 = 100 ns (Max) 
e Low Active Power Dissipation: 
MCM36200S-80 = 6.30 W (Max) 
MCM36200S-10 = 5.41 W (Max) 
e Low Standby Power Dissipation: 
TTL Levels = 264 mW (Max) 
CMOS Levels = 132 mW (Max, MCM36200S) 
CMOS Levels = 44 mW (Max, MCM36L200S) 
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All power supply and ground pins must be 
connected for proper operation of the device. 
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This document contains information on a new product. Specifications and information herein are subject to change without notice. 
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BLOCK DIAGRAM 
CASO 
DQ0-Da3 
O 
RASO 
CASI 
CAS2 
RAS2 
Din O Din 
oe Ao-Ag Pout pt A0-AQ 
CASS 
WwW 
A0-AQ 
‘Cc Ud-U23 
0.22 F (Min. 
U0-U23 





PRESENCE DETECT PIN OUT 


| PinName | 7one | gone | toons | 
NC NC NC 


PD1 
PD2 NC NC 
PD3 
PD4 
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ABSOLUTE MAXIMUM RATINGS (See Note) 


This device contains circuitry to 
protect the inputs against damage 
due to high static voltages or electric 
fields; however, it is advised that 
Voltage Relative to Vss normal precautions be taken to 

(For Any Pin Except Vcc) avoid application of any voltage 
higher than maximum rated voltages 
to these high impedence circuits. 





Storage Temperature Range 


NOTE: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are exceeded. 
Functional operation should be restricted to RECOMMENDED OPERATING 
CONDITIONS. Exposure to higher than recommended voltages for extended periods of 
time could affect device reliability. 





DC OPERATING CONDITIONS AND CHARACTERISTICS 
(Voc = 5.0 V t 10%, Ta = 0 to 70°C, Unless Otherwise Noted) 


RECOMMENDED OPERATING CONDITIONS 





Logic High Voltage, All Inputs 
Logic Low Voltage, All Inputs 






RECOMMENDED OPERATING CONDITIONS 


Characteristic 


Voc Power Supply Current 
MCM36200-80, tac = 150 ns 
MCM36200-10, tro = 180 ns 


Vcc Power Supply Current (Standby) (RAS = CAS = Vj) 


Vcc Power Supply Current During RAS only Refresh Cycles = 


MCM36200-80, tac = 150 ns 
MCM36200-10, tac = 180 ns 


Vcc Power Supply Current During Fast Page Mode Cycle 
MCM36200-80, tac = 150 ns 
MCM36200-10, tao = 180 ns 


Vcc Power Supply Current (Standby) (RAS = CAS = Vcc — 0.2 V) MCM36200 
. MCM36L200 


Vcc Power Supply Current During CAS Before RAS Refresh Cycle 
MCM36200-80, tac = 150 ns 
MCM36200-10, tac = 180 ns 


Input Leakage Current (Vss < Vin $ Vcc) 

Output Leakage Current (CAS at Logic 1, Vgs < Voyt < Vcc) 

Output High Voltage (IoH = — 5 mA) VOH 
Output Low Voltage (IoL = 4.2 mA) VOL 


NOTES: 
1. All voltages referenced to Vgs. 
2. Current is a function of cycle rate and output loading; maximum current is measured at the fastest cycle rate with the output open. 
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RECOMMENDED OPERATING CONDITIONS 


rps Gapasiance ony SSSSC~*dC 
Input Capacitance we. pete 
np Capacitance ARERR SC*dC 
Calc 


NOTE: 
1. Capacitance measured with a Boonton Meter or effective capacitance calculated from the equation: C = 1 At/AV.— 









AC OPERATING CONDITIONS AND CHARACTERISTICS 
(Voc = 5.0 V + 10%, Ta = 0 to 70°C, Unless Otherwise Noted) 


READ AND WRITE CYCLES (See Notes 1, 2, 3, and 4) 


Symbol -—MCM36200-80 
Parameter Standard 
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RAS Precharge Time 
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RAS Pulse Width tRELREH 
RAS Pulse Width (Fast Page Mode) tRELREH tRASP 
RAS Hold Time tCELREH 
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CAS Pulse Width tCELCEH 
RAS to CAS Delay Time tRELCEL 
RAS to Column Address Delay Time tRELAV 


NOTES: 
1. Vix min and Vi_ max are reference levels for measuring timing of input signals. Transition times are measured between Vj} and Vi}, . 
2. An initial pause of 200 ps is required after power-up followed by 8 RAS cycles before proper device operation is guaranteed. 
3. The transition time specification applies for all input signals. In addition to meeting the transition rate specification, all input signals must 
_ transition between VjH and Vj, (or between Vj, and Vj}) in a monotonic manner. 
4. AC measurements ty = 5.0 ns. 
5. The specifications for tac (min) and tawc (min) are used only to indicate cycle time at which proper operation over the full temperature range 
(O°C < Ta < 70°C) is assured. 
. Measured with a current load equivalent to 2 TTL (— 200 pA, + 4 mA) loads and 100 pF with the data output trip points set at Voy = 2.0 V and 
VoL =0.8V. 
. Assumes that tacp < tRcp (max). 
. Assumes that tacp 2 tRcp (max). 
. Assumes that trap 2 trap (max). 
. torr (max) defines the time at which the output achieves the open circuit condition and is not referenced to output voltage levels. 
. Operation within the tac p (max) limit ensures that tRac (max) can be met. tacp (max) is specified as a reference point only; iftacp is greater 
than the specified tacp (max) limit, then access time is controlled exclusively to tcc. 
12. Operation within the taap (max) limit ensures that tpac (max) can be met. trap (max) is specified as a reference point only; if tap is greater 
than the specified thap (max), then access time is controlled exclusively by taa. 
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READ AND WRITE CYCLES (Continued) 
MCM36L200 


CAS to RAS Precharge Time FtceHrer | tcrp | 5 | 
CAS Precharge Time (Page Mode Cyle Only) PtceHce, | tcp | 10 | 
Row Address Setup Time | tavrer | tase | 0 | 
Row Address Hold Time | tretax | tran | 10 | 
Column Address Setup Time | tavcer | tasc | 9 | 
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Column Address Hold Time tCELAX tCAH 15 ns 


Column Address Hold Time Referenced tRELAX taR 
to RAS 
P 


N 
oi 


ns 


or 
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Column Address to RAS Lead Time tAVREH tRAL 


Read Command Setup Time tWHCEL 


Read Command Hold Time Referenced tCEHWX tRCH 
to CAS 
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Read Command Hold Time Referenced tREHWX tRRH 
to RAS 

Write Command Hold Time Referenced tCELWH tWCH 
to CAS 

Write Command Hold Time Referenced tRELWH tWCR 
to RAS 


Write Command Pulse Width tWLWH 


5 
10 
10 

0 

15 

15 

Write Command to RAS Lead Time tWLREH tRWL 0 
0 

15 

10. 
0 
0 

10 


NM 7 PM 

or] oO 
=) 
n 


14,15 
14,15 


Data in Setup Time tpVCEL 
Data in Hold Time tCELDX 
Data in Hold Time Referenced to RAS tRELDX 


Refresh Period MCM36200 
MCM36L200 

Write Command Setup Time 

CAS Setup Time for CAS Before RAS Refresh 

CAS Hold Time for CAS Before RAS Refresh 

CAS Precharge to CAS Active Time 


CAS Precharge Time for CAS Before RAS tCEHCEL tCPT 
Counter Test 


CAS Precharge Time tCEHCEL | tcpn [10 | 


-NOTES: 

13. Either taRH or tRCH must be satisfied for a read cycle. 

14. These parameters are referenced to CAS leading edge in random write cycles. 

15. Early write only (twos 2 twcs (min)). 

16. twcsis nota restrictive operating parameter. Itis included in the data sheet as an electrical characteristic only; if twos 2twcs (min), the cycle 
is an early write cycle and the data out pin will remain open circuit (high impedance) throughout the entire cycle. If this condition is not satisifed, 
the condition of the data out (at access time) is indeterminate. 

17. To avoid bus contention and potential damage to the module, RASO and RAS1 may not be active low simultaneously. Similarly, RAS2 and 
RAS3 may not be simultaneously active low. 
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| READ CYCLE 
7 tRC 
y tRAS trp 
__.. ViIH — | 
RAS 
~ | 
| ICRP + 
—_— Vi — ae 
CAS 
Vike 


tASR 


woneses |” SON as KO SE KXXRKKRKRKXRKRKOE 


RAH 'RCH 


'RCS tRRH 
XXX 





ae VVIVVVVY 
We AXAXXXXKXY 






pao-pags YOH — 


vie 
(DATAOUT) y) _ Niaz 1X VALID DATA 7 





EARLY WRITE CYCLE 
tRC 

V 'RAS 'RP 
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Vit — 

tCPN 
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CAS 
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tAR ae 
trap _—— ae tRAL ee 


ee (CAH 
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FAST PAGE MODE READ CYCLE 


t t 
__ Vn- RASP farce RP 
RAS 
Vie 


_. -VIH— 
CAS 
Vib = 





'ASR ne (CAH | CAH 


VIH — 


ADDRESSES ae XX KY on rn KX XXKKKK 
fie oe 


od a t'RRH 
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'RAD 
“Tes 
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WA XKKXXXKY 








’ 'RAC 
Da0-pa35 °OH — WAL VALID VAt VALID % HAAS VALID 
(DATAOUT) yy _ Xi DATA 09. DATA 4 UX} DATA_# 

‘OFF lOFF 'OFF 
'oLz teLz tcLz 


FAST PAGE MODE WRITE CYCLE (EARLY WRITE) 


'RASP et RP 
RAS 


‘CRP | 
Vi — ae 


CAS 





ASR : 1 heal "RAL 
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RAS ONLY REFRESH CYCLE 
(W and AQ are Don’t Care) 
IRC 
; oa . t 
, 2 Mie RAS RP 
3 RAS 
VIL — | 
tcRP trpc 
_ VIH— fa 
CAS 
taSR 
RAH 
VIH 


we KRM ERS KHER RRR 


pao-pa3s YOH ~ 


(DATAOUT) yo Hore 


CAS BEFORE RAS REFRESH CYCLE 
(W and AO to AQ are Don’t Care) 


IRC 
TRAS tRp 
_— VIH — 
RAS 
ViL - 
tRPC 
oe ttHR ———> 
{CPN ieee 
—_— VIH - 
CAS 
ViL — 
'OFF 
pao-pa3s YOH — ate 
DATA OUT 
( ) VoL - 
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HIDDEN REFRESH CYCLE (READ) 


tR TRAS 
tRAS 
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HIDDEN REFRESH CYCLE (WRITE) 
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—_ VIH — 
RAS 
ViL — 


—— VIH— 
CAS 
Vit _ 


VIH — 
ADDRESSES 

Vit — 
READ CYCLE 


pao-pa3s YOH ~ 
DATA OUT 
ig 


Vin - 
W 
Vie 


WRITE CYCLE 


ee | 
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pao-pa3s YH — 
DATA IN 
( ) Vit - 





CAS BEFORE RAS REFRESH COUNTER TEST CYCLE 
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DEVICE INITIALIZATION 


On power-up an initial pause of 200 microseconds is re- 
quired for the internal substate generator pump to establish the 
correct bias voltage. This is to be followed by a minimum of 
eight active cycles of the row address strobe (clock) to initialize 
the various dynamic nodes internal to the module. During an 
extended inactive state of the module (greater than 4 millisec- 
onds with device powered up), the wake up sequence (8 active 
cycles) will be necessary to assure proper device operation. 


ADDRESSING THE RAM 


The ten address bus pins on the device are time multiplexed 
with two separate 10-bit address fields that are strobed at the 
beginning of the memory cycle by two clocks (active negative) 
called the row address strobe (RAS) and the column address 
strobe (CAS). A total of twenty address bits will decode one of 
the 2,097,152 word locations in the module. The column ad- 
dress strobe follows the row address strobe by a specified 
minimum and maxium time called tarcp, which is the row to 
column strobe delay. This time interval is also referred to as the 
multiplex window which gives flexibility to a system designer 
to set up the external addresses into the RAM. These condi- 
tions have to be met for normal read or write cycles. This initial 
portion of the cycle accomplishes the normal addressing of the 
device. These are, however, two other variations in addressing 
the module, one is called the RAS only refresh cycle (de- 
scribed later) where a 9-bit row address field is presented on 
the input pins and latched by the RAS clock. The most signifi- 
cant bit on Row Address AQ is not required for refresh. The oth- 
er variation, which is called page mode, allows the user to 
column access all words within a selected row. (See PAGE- 
MODE CYCLES section). 


READ CYCLE 


Aread cycle is referred to as a normal read cycle to differen- 
tiate it from a page mode read cycle, which is covered in a later 
section. 

The memory read cycle begins with the row addresses valid 
and the RAS clock transitioning from Vj} to the Vj, level. The 
CAS clock must also make a transition from Vj to the V};_ level 
at the specified tncp timing limits when the column addresses 
are latched. Both the RAS and CAS clocks trigger a sequence 
of events which are controlled by several delayed internal 
clocks. Also, these clocks are linked in such a manner that the 
access time of the device is independent of the address multi- 
plex window. The only stipulation is that the CAS clock must be 
active before or at the thcp maximum specification for an ac- 
cess (data valid) from the RAS clock edge to be guaranteed 
(tRAC). If the tagop maximum condition is not met, the access 
(tCAC) from the CAS clock active transition will determine read 
access time. The external CAS signal is ignored until an inter- 
nal RAS signal is available. This gating feature on the CAS 
clock will allow the external CAS signal to become active as 
soon as the row address hold time (tRAH) specification has 
been met and defines the tacp minimum specification. The 
time difference between tacp minimum and trop maximum 
can be used to absorb skew delays in switching the address 
bus from the row to column addresses and in generating the 
CAS clock. 

Once the clocks have become active, they must stay active 
for the minimum (tRas) period for the RAS clock and the mini- 


mum (tcas) period for the CAS clock. The RAS clock must 
stay inactive for the minimum (trp) time. The former is for the 
completion of the cycle in progress, and the latter is for the de- 
vice internal circuitry to be precharged for the next active cycle. 

Data out is not latched and is valid as long as the CAS clock 
is active; the output will switch to the three-state mode when 
the CAS clock goes inactive. To perform a read cycle, the write 
(W) input must be held at the Vj} level from the time the CAS 
clock makes its active transition (tRcs) to the time when it tran- 
sitions into the inactive (tRCH) mode. 


WRITE CYCLE 


A write cycle is similar to a read cycle except that the write 
(W) clock must go active (Vj; level) at or before the CAS clock 
goes active at a minimum twos time. If the above condition is 
met, then the cycle in progress is referred to as an early write 
cycle. In an early write cycle, the write clock and the data in are 
referenced to the active transition of the CAS clock edge. 
There are two important parameters with respect to the write 
cycle: the column strobe to write lead time (tcyw _) and the row 
strobe to write lead time (try). These define the minimum 
time that RAS and CAS clocks need to be active after the write 
operation has started (W clock at Vj,_ level). 


PAGE-MODE CYCLES 


Page mode operation allows fast successive data opera- 
tions at all 1024 column locations on a selected row. Page ac- 
cess (tcac) is typically half the regular RAS clock access 
(tRAC) on the Motorola 1M dynamic RAM. Page mode opera- 
tion consists of holding the RAS clock active while cycling the 
CAS clock to access the column locations determined by the 
10-bit column address field. 

The page cycle is always initiated with a row address being 
provided and latched by the RAS clock, followed by the column 
address and CAS clock. From the timing illustrated, the initial 
cycle is anormal read or write cycle, that has been previously 
described, followed by the shorter CAS cycles (tpc). The CAS 
cycle time (tpc) consists of the CAS clock active time (tc as), 
and CAS clock precharge time (tcp) and two transitions. In 
practice, any combination of read and write cycles can be per- 
formed to suit a particular application. 


REFRESH CYCLES 


The dynamic RAM design is based on capacitor charge 
storage for each bit in the array. This charge will tend to de- 
grade with time and temperature. Therefore, to retain the cor- 
rect information, the module needs to be refreshed at least 
once every 16 milliseconds. This is accomplished by sequen- 
tially cycling through the 1024 row address locations every 16 
milliseconds (i.e., at least one row every 15.6 microseconds). 
Anormal read or write operation to the module will also refresh 
all the words associated with the particular row(s) decoded. 


RAS-Only Refresh 


In this refresh method, the system must perform a 
RAS-only cycle on 1024 row addresses every 16 milliseconds. 
The row addresses are latched in with the RAS clock, and the 
associated internal row locations are refreshed. As the 
heading implies, the CAS clock is not required and must be 
inactive or at a Vj level. 
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CAS Before RAS Refresh 


This refresh cycle is initiated when RAS falls, after CAS has 
been low (by tcsp). This activates the internal refresh counter 
which generates the row address to be refreshed. Externally 
applied addresses are ignored during the automatic refresh 
cycle. lf the output buffer was off before the automatic refresh 
cycle, the output will stay in the high impedance state. If the 
output was enabled by CAS in the previous cycle, the data out 
will be maintained during the automatic refresh cycle as long 
as CAS is held active (hidden refresh). 


Hidden Refresh 


The hidden refresh method allows refresh cycles to be per- 
formed while maintaining valid data at the output pin. Hidden 
refresh is performed by holding CAS at Vj, and taking RAS 
high and after a specified precharge period (tap), executing a 
CAS before RAS refresh cycle. (See Figure 1.) 


CAS BEFORE RAS REFRESH COUNTER TEST 


The internal refresh counter of the device can be tested with 
a CAS before RAS refresh counter test. This refresh counter 





MEMORY CYCLE 







RAS 


DQ0-DQ35 —- HIGH-Z 


test is performed with read and write operations. During this 
test, the internal refresh counter generates the row address, 
while the external address input supplies the column address. 
The entire array is refreshed after 1024 test cycles, as indi- 
cated by the check data written in each row. See CAS before 
RAS refresh counter test cycle timing diagram. 

The test can be performed only after a minimum of 8 CAS 
before RAS initialization cycles. The test procedure is as 
follows: 


1. Write “O’s into all memory cells (normal write mode). 

2. Select a column address, and read “0” out of the cell by 
performing CAS before RAS refresh counter test, read 
cycle. Repeat this operation 1024 times. 

3. Select a column address, and write “1” into the cell by 
performing CAS before RAS refresh counter test, write 
cycle. Repeat this operation 1024 times. 

4. Read “1”s (normal read mode), which were written at step 
3: 

5. Repeat steps 1 to 4 using complement data. 


REFRESH CYCLE 





Figure 1. Hidden Refresh Cycle 


ORDERING INFORMATION 
(Order by Full Part Number) 


MCM 36200 or 36L200 





Motorola Memory Prefix 


X XX 


Lo Speed (80 = 80 ns, 10 = 100 ns) 


Part Number Package (S = SIMM, SG = Gold Pad SIMM) 
Full Part Numbers - MCM36200S70 MCM36200SG70 
MCM36200S80 MCM36200SG80 
MCM36200S10 MCM36200SG10 
MCM36L200S70 MCM36L200SG70 
MCM36L200S80 MCM36L200SG80 
MCM36L200S10 MCM36L200SG10 


NOTE: Contact your Motorola representative for further information on the Gold Pad SIMM packages. 


MOTOROLA MEMORY DATA 


MOTOROLA 


a SEMICONDUCTOR 
TECHNICAL DATA 


Advance Information MCM36256 


256K x 36 Bit Dynamic Random 
Access Memory Module 


The MCM36256S is a 9M, dynamic random access memory (DRAM) module or- 
ganized as 262,144 x 36 bits. The module is a 72-lead single-in-line memory module 
(SIMM) consisting of eight MCM514256A DRAMs housed in 20/26 J-lead small out- 
line packages (SOJ) and four CMOS 256K x 1 DRAMs housed in 18-lead PLCC 
packages, mounted on a substrate along with a 0.22 uF (min) decoupling capacitor 
mounted under each DRAM. The MCM514256A is a 1.0 p CMOS high speed, dy- 
namic random access memory organized as 262,144 four-bit words and fabricated 
with CMOS silicon-gate process technology. 

Three-State Data Output 
Early-Write Common |/O Capability 
Fast Page Mode Capability 
TTL-Compatible Inputs and Outputs 
RAS Only Refresh 

CAS Before RAS Refresh 

Hidden Refresh 

512 Cycle Refresh: 

MCM36256 = 8 ms (Max) 

e Consists of Eight 256K x 4 DRAMs, Four 256K x 1 DRAMs, and Twelve 0.22 uF 

(Min) Decoupling Capacitors 
e Unlatched Data Out at Cycle End Allows Two Dimensional Chip Selection 
e Fast Access Time (tRac): 

MCM36256S-70 = 70 ns (Max) 
MCM36256S-80 = 80 ns (Max) 
MCM36256S-10 = 100 ns (Max) 
e Low Active Power Dissipation: 
MCM36256S-70 = 5.28 W (Max) 
MCM36256S-80 = 4.62 W (Max) 
MCM36256S-10 = 3.96 W (Max) 
e Low Standby Power Dissipation: 
TTL Levels = 132 mW (Max) 
CMOS Levels = 66 mW (Max) 


PIN OUT 












sieecanenints Mei taelglele te Address Inputs 
DQO-DQ35 ......... Data Input/Output 
CAS0-CAS3 ... Column Address Strobe 
PD1-—PD4 ............ Presence Detect 
RASO, RAS2 ...... Row Address Strobe 
Wachee oe Read/Write Input 
VEC? centesccaidanteseaey Power (+ 5 V) 
VSS lei leans ego Ground 
Ra Cee es No Connection 
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All power supply and ground pins must be 
connected for proper operation of the device. 
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This document contains information on a new product. Specifications and information herein are subject to change without notice. 
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BLOCK DIAGRAM 


DQ0 
DQ1 
DQ2 
DQ3 


CASO 
RASO 





DQ4 
DQ5 
DQ6 
DQ7 


DQ8 


DQ9 

DQ10 
DQ11 
DQ12 


DQi3 
DQ14 
DQ15 
DQ16 


DQ17 


DQ18 
DQ19 
DQ20 
DQ21 


CAS2 
RAS2 


DQ22 
DQ23 
DQ24 
DQ25 


DQ26 


DQ27 
DQ28 
DQ29 
DQ30 


DQ31 
DQ32 
DQ33 
DQ34 


DQ35 





U0-U11 





0.22 uF (Min.) 





U0-U11 


PRESENCE DETECT PIN OUT 


[Renee [Tone | one [Wore 


PD1 Vss Vss Vss 


PD2 NC NC NC 


PD3 Vss NC Vss 
PD4 NC VSs Vss 
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ABSOLUTE MAXIMUM RATINGS (See Note) 


a 
Power Supply Voltage -—1to+7 V 
TA 


Voltage Relative to Vsg Vin: Vout —1to+7 V 
(For Any Pin Except Vcc) 


This device contains circuitry to 
protect the inputs against damage 
due to high static voltages or electric 
fields; however, it is advised that 
normal precautions be taken to 
avoid application of any voltage 
higher than maximum rated voltages 
to these high impedence circuits. 





Data Output Current per DQ Pin 50 
PowerDsspatn | 
Operating Temperature Range er a 0 to + 70 


Storage Temperature Range ~— 55 to + 125 °C 


NOTE: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are exceeded. 
Functional operation should be restricted to RECOMMENDED OPERATING 
CONDITIONS. Exposure to higher than recommended voltages for extended periods of 
time could affect device reliability. 










DC OPERATING CONDITIONS AND CHARACTERISTICS 
(Voc = 5.0 V + 10%, Ta = 0 to 70°C, Unless Otherwise Noted) 


RECOMMENDED OPERATING CONDITIONS 















































NOTES: 
1. All voltages referenced to Vss. . 
2. Current is a function of cycle rate and output loading; maximum current is measured at the fastest cycle rate with the output open. 


Parameter 

Supply Voltage (Operating Voltage Range) | 5.0 | 

Vcc Power Supply Current 
MCM36256-70, tac = 130 ns 
MCM36256-80, trac = 150 ns 840 
MCM36256-10, tro = 180 ns 720 

Vcc Power Supply Current (Standby) (RAS = CAS = Vj) Icce | — | 24 | ma | 

Vcc Power Supply Current During RAS only Refresh Cycles ICC3 
MCM36256-70, tac = 130 ns 960 
MCM36256-80, tno = 150 ns 840 
MCM36256-10, tro = 180 ns 720 

Vcc Power Supply Current During Fast Page Mode Cycle loca mA 
MCM36256-70, tro = 40 ns 720 
MCM36256-80, tac = 45 ns 600 
MCM36256-10, tac = 55 ns 480 

Voc Power Supply Current (Standby) (RAS = CAS = Vcc - 0.2 V) iccs | — | 12 [| ma | 

Vcc Power Supply Current During CAS Before RAS Refresh Cycle Iccé6 mA 
MCM36256-70, tac = 130 ns 960 
MCM36256-80, tac = 150 ns 840 
MCM36256-10, trac = 180 ns 720 

Input Leakage Current (Vss < Vin < Voc) likg(1) | -120 | 120 | A | 

Output Leakage Current (CAS at Logic 1, Vgs < Vout < Vcc) likg(O) 
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CAPACITANCE (f = 1.0 MHz, Ta = 25°C, Se 5 V, Periodically Sampled Rather Than 100% Tested) 


nn ane el 
Input teeoe Gums Cp 
[rp Capactance SEARS] —SSCSCS*~“~*~*~dCi SCS 
soc eS 


NOTE: 
1. Capacitance measured with a Boonton Meter or effective capacitance calculated from the equation: C=1At/AV. 









AC OPERATING CONDITIONS AND CHARACTERISTICS 
(Vcc = 5.0 V + 10%, Ta = 0 to 70°C, Unless Otherwise Noted) 


READ AND WRITE CYCLES (See Notes 1, 2, 3, and ee 


| Symbol MCM36256-70 MCM36256-80 MCM36256-10: 
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NOTES: 
1. ViH min and Vj, max are reference levels for measuring timing of input signals. Transition times are measured between Vjy and Vi. 
2. An initial pause of 200 ps is required after power-up followed by 8 RAS cycles before proper device operation is guaranteed. 
3. The transition time specification applies for all input signals. In addition to meeting the transition rate specification, all input signals must 
transition between Vj} and Vi, (or between Vi and Vjy) in a monotonic manner. 
4. AC measurements ty = 5.0 ns. 
5. The specifications for tac (min) and taywc (min) are used only to indicate cycle time at which proper operation over the full temperature range 
(0°C < Ta < 70°C) is assured. 
6. Measured with a current load equivalent to 2 TTL (— 200 pA, + 4 mA) loads and 100 pF with the data output trip points set at Voy = 2.0 V and 
VoL = 0.8 V. 
. Assumes that tacp < tacp (max). 
. Assumes that tacp 2 tacp (max). 
. Assumes that trap 2 trap (max). 
. torr (max) defines the time at which the output achieves the open circuit condition and is not referenced to output voltage levels. 
. Operation within the tacp (max) limit ensures that tp ac (max) can be met. tacp (max) is specified as a reference point only; iftRCp is greater 
than the specified tacp (max) limit, then access time is controlled exclusively to tcac. 
12. Operation within the trap (max) limit ensures that tr ac (max) can be met. tap (max) is specified as a reference point only; iftRap is greater 
than the specified tRap (max), then access time is controlled exclusively by ta,. 
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READ AND WRITE CYCLES (Continued) 


CAS to RAS Precharge Time (CENREL 5 


CAS Precharge Time (Page Mode tCEHCEL 
Cyle Only) 


tcp 
Row Address Setup Time 
Row Address Hold Time 
Column Address Setup Time 
Column Address Hold Time 
Column Address Hold Time 
Referenced to RAS 
| tAvREH | 


Column Address to RAS Lead Time 


Read Command Setup Time tWHCEL 

Read Command Hold Time tCEHWX tRCH 
Referenced to CAS 

Read Command Hold Time tREHWX tRRH 
Referenced to RAS 

Write Command Hold Time tCELWH tWCH 
Referenced to CAS 

Write Command Hold Time tRELWH twcR 
Referenced to RAS 

Write Command Pulse Width tWLWH 

Write Command to RAS Lead Time | twLREH tRWL 2 

Write Command to CAS Lead Time | twLCEH tCWL 20 


R 

P 
Data in Setup Time tDVCEL 
Data in Hold Time tCELDXx 


Data in Hold Time Referenced to tRELDX tpHR 55 


RAS 


‘Refresh Period tRVRV tRFSH 
Write Command Setup Time tWLCEL 


Symbol MCM36256-70 MCM36256-80 MCM36256-10 


Parameter Standard | Alternate 
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CAS Setup Time for CAS Before tRELCEL tcSR 10 0 ns 
RAS Refresh 

CAS Hold Time for CAS Before RAS | tRELCEH tCHR 30 0 3 ns 
Refresh 

CAS Precharge to CAS Active Time | tREHCEL | ons 

CAS Precharge Time for CAS tCEHCEL tCPT 40 40 5 ns 

-| Before RAS Counter Test 
GAS Precharge Time ENCE ‘0 
NOTES: 
13. Either tRRH Or tRCH must be satisfied for a read cycle. 


14. 
15. 
16. 


These parameters are referenced to CAS leading edge in random write cycles. 

Early write only (twos 2 twcs (min)). 

twcsisnotarestrictive operating parameter. Itis included in the data sheet as an electrical characteristic only; iftwos2twcs (min), the cycle 
is an early write cycle and the data out pin will remain open circuit (high impedance) throughout the entire cycle. If this condition is not satisifed, 
the condition of the data out (at access time) is indeterminate. 
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ADDRESSES 


READ CYCLE 
RAS = tRP 
Vin — 
Vit — | 
i 'CRP sie 
Vib — 


tASR 





VIH — , 
vy - AOVA_anoness XK anoness — KAXXXAXAXAAAAMA 


tRAH RCH 
tRCS tary 
— VIH- | 
wT RXXREXKKRERY OK 


DQ0-DQ35 
(DATA OUT) 


RAS 


CAS 


ADDRESSES 


DQ0-DQ35 
(DATA IN) 


Le— tas 
teLz <4 | | 


mT KKK |_| 
ok A 4 


\/ 
HIGH-Z ( ( VALID DATA ) 
VoL - A 
EARLY WRITE CYCLE 

t Le t 

RA RP 
VIH — : 
Vice 

'CPN 

ViH — 
Vit — 





VIH — 
vO adits KX Ses XEKKXXXKKXXKKXXKKE 
tRAH 'CWL | 
twes 'WCH i 
WP 


KKK 
I call 





ViH — 


'RWL 
tWcR 
D 

IH — S 


y je [et 'DH 
vn - AXA vatooaTa OK XK XXX 
|< tpHR 
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FAST PAGE MODE READ CYCLE 





'RASP 





| tasc| » 'ASC : 


‘A oa 
'ASR— CAH ee \caH 


VIH — 
ADDRESSES ae: XN RM nirees yt ena’ XXXXAKX 
thet rior t 


tRAH a 'RRH 
'RCS pee ICH 
M4 XXX 






MH A AY 
We AXA 





VOH — 
DQ0-DQ35 LV/\E VALID Ye VALID S_ HAA VALID 
(DATA OUT) yo _ XM care OO tata) Xi DATA_ 
_ lOFF lOFF !OFF 
'CLz 'CLz 'cLz 


FAST PAGE MODE WRITE CYCLE (EARLY WRITE) 





t t 
—— VIH - nr a 
RAS 
VIL - | 
ICRP 
ee eee ee 
CAS 
aero . cb 
t | tRAL 
ASR ee ag oe lsc 
; IRAH CAH | me ICAH 
IH 


OR age oe: ne AM KXXXXAMX X 


tRAD tw WCS 
'WCR 


'WCH 'WCH 
" two 'WCH Wass a 
wt WWWWVYV ear 
nT es KXAN YN ae AXXXAXX 


IDs tog] be 
'DH toH 
pao-pa3s. IH — 
ara) y  KXXXXXXM vauooata XY no AXXXKXKKX 
'DHR 
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RAS 


CAS 


A0-A7 


DQ0-DQ35 


RAS ONLY REFRESH CYCLE 
(W and A&8 are Don’t Care) 
a tRC 
Viie= RAS tRP 
Vit — 


'RPC 





iad a 

Vi — . 

let / 
tASR 


'RAH 


VIH — : 
ve RX atss_KXXXXXRXXNXXKRXXNKXKRXKRXKHX 


VOH — 


(DATA OUT) Voce nore 
CAS BEFORE RAS REFRESH CYCLE 
(W and AO to A& are Don’t Care) 
tRC 
t t 
os Wie RAS RP 
RAS 
Mise 
tRec-™ ie 
CPN oa tCHR ———>- 
andy Vi i 
CA 
Vie = 
'OFF 
VOH — 
DQ0-DQ35 
(DATAOUT) yo _ HIGH2 
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HIDDEN REFRESH CYCLE (READ) 


IRC 'RAS 
= Vie = RAS RP 
VIL - | 
ICRP | {CPN 
fie | 'RCD 'RSH tthHR ——> 
pagina 
Vit — mt aa. : Bag eee as a 
'RAH m+ ICAH 
tasR— | ) 
VIH — 
moonesses | XX Manoness KA anoness KXXXAXXAXAAKAAKARAAMN 
IRCS 'RRH 


VIH 


°c - NRBXROOY | L XKREERERERIOOON 


ise lOFF 

A rs 

Dao-pa35 OH = Be | VALID DATA 

7 4 4 , 
(DATA OUT) yo _ LA 


IoLz 


HIDDEN REFRESH CYCLE (WRITE) 


tRC tRAS 
tRAS tRp 


RAS 
VIL — 
| (RCD 4+— RSH ICHR _ 
— ViIH— 
CAS 


Vi — 
woes MeO cess KXKXKXRKXKXRRKKKANK 
'WCR 
i 'RWL 


twos 'WCH 


ee | 
me eo A oxoxeooceoxconconnen 


[DH 


pao-pass VIH — 7 
DATAIN) yp _ | COCO CCC Ne 
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CAS BEFORE RAS REFRESH COUNTER TEST CYCLE 


TRAS tRp 
ee Wi = 'RSH fee 


RAS 


3 VIL — 
, tcsR tcas ———> | 
_— VIH- 
CAS 
Vit 


taSc (CAH 


VIH — 
noonesses | XAXXXXXKAKAAAAA, _arooress AA XXAKARAAAA 


ICAC 





t 
READ CYCLE -_ + " RAL ‘Ore 
OrTACuT yp. 7 i _ 
tRCS tCLz | tRRH 
— ‘H- TKANKIIVVVVVVVVV AVA, 
m Te XXX XXX XXX XX KX - acy XX 
St 
WRITE CYCLE twos | 'WCH 
Vigne: twp 
— VAVAVAVAVAVAVAVAVAVAVAVAVAY, WANAKA AV 
7 KXXKKKKKKRKKN | KKKKKKXKKKKY 
tps <— | DH— 


VIH — : 
"pATAN) y  AXXXXXXKXXAAAAA —_vavonara — KXXKXKKXXAAAX 
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DEVICE INITIALIZATION 


On power-up an initial pause of 200 microseconds is re- 
quired for the internal substate generator pump to establish the 
correct bias voltage. This is to be followed by a minimum of 
eight active cycles of the row address strobe (clock) to initialize 
the various dynamic nodes internal to the module. During an 
extended inactive state of the module (greater than 4 millisec- 
onds with device powered up), the wake up sequence (8 active 
cycles) will be necessary to assure proper device operation. 


ADDRESSING THE RAM 


The nine address bus pins on the device are time multi- 
plexed with two separate 9-bit address fields that are strobed 
atthe beginning of the memory cycle by two clocks (active neg- 
ative) called the row address strobe (RAS) and the column ad- 
dress strobe (CAS). A total of eighteen address bits will decode 
one of the 262,144 word locations in the device. The column 
address strobe follows the row address strobe by a specified 
minimum and maxium time called tacp, which is the row to 
column strobe delay. This time interval is also referred to as the 
multiplex window which gives flexibility to a system designer 
to set up the external addresses into the RAM. These condi- 
tions have to be met for normal read or write cycles. This initial 
portion of the cycle accomplishes the normal addressing of the 
device. These are, however, other variations in addressing the 
module: the refresh modes (RAS only refresh, CAS before 
RAS refresh, hidden refresh), and another mode called page 
mode which allows the user to column access all words within 
a selected row. The refresh mode and page mode operations 
are described in more detail in later sections. 


READ CYCLE 


Aread cycle is referred to as a normal read cycle to differen- 
tiate it from a page mode read cycle, which is covered in a later 
section. 

The memory read cycle begins with the row addresses valid 
and the RAS clock transitioning from Vj} to the Vj,_ level. The 
CAS clock must also make a transition from Vj} to the Vj,_ level 
at the specified tacp timing limits when the column addresses 
are latched. Both the RAS and CAS clocks trigger a sequence 
of events which are controlled by several delayed internal 
clocks. Also, these clocks are linked in such a manner that the 
access time of the device is independent of the address multi- 
plex window. The only stipulation is that the CAS clock must be 
active before or at the tacp maximum specification for an ac- 
cess (data valid) from the RAS clock edge to be guaranteed 
(tRAC). Ifthe tacop maximum condition is not met, the access 
(tCAC) from the CAS clock active transition will determine read 
access time. The external CAS signal is ignored until an inter- 
nal RAS signal is available. This gating feature on the CAS 
clock will allow the external CAS signal to become active as 
soon as the row address hold time (tRAH) specification has 
been met and defines the tacp minimum specification. The 
time difference between trop minimum and trop maximum 
can be used to absorb skew delays in switching the address 
bus from the row to column addresses and in generating the 
CAS clock. 

Once the clocks have become active, they must stay active 
for the minimum (tas) period for the RAS clock and the mini- 
mum (tcas) period for the CAS clock. The RAS clock must 


stay inactive for the minimum (trp) time. The former is for the 
completion of the cycle in progress, and the latter is for the de- 
vice internal circuitry to be precharged for the next active cycle. 

Data out is not latched and is valid as long as the CAS clock 
is active; the output will switch to the three-state mode when 
the CAS clock goes inactive. To perform a read cycle, the write 
(W) input must be held at the Vj} level from the time the CAS 
clock makes its active transition (tacs) to the time when it tran- 
sitions into the inactive (taCH) Mode. 


WRITE CYCLE 


A write cycle is similar to a read cycle except that the write 
(W) clock must go active (Vj, level) at or before the CAS clock 
goes active at a minimum twcs time. If the above condition is 
met, then the cycle in progress is referred to as an early write 
cycle. In an early write cycle, the write clock and the data in are 
referenced to the active transition of the CAS clock edge. 
There are two important parameters with respect to the write 
cycle: the column strobe to write lead time (tC wr ) and the row 
strobe to write lead time (try). These define the minimum 
time that RAS and CAS clocks need to be active after the write 
operation has started (W clock at Vit level). 


PAGE-MODE CYCLES 


Page mode operation allows fast successive data opera- 
tions at all 512 column locations on a selected row. Page ac- 
cess (tCAc) is typically half the regular RAS clock access 
(tRAC) on the Motorola 1M dynamic RAM. Page mode opera- 
tion consists of holding the RAS clock active while cycling the 
CAS clock to access the column locations determined by the 
10-bit column address field. 

The page cycle is always initiated with a row address being 
provided and latched by the RAS clock, followed by the column 
address and CAS clock. From the timing illustrated, the initial 
cycle is a normal read or write cycle, that has been previously 
described, followed by the shorter CAS cycles (tpc). The CAS 
cycle time (tpc) consists of the CAS clock active time (tc,s), 
and CAS clock precharge time (tcp) and two transitions. In 
practice, any combination of read and write cycles can be per- 
formed to suit a particular application. 


REFRESH CYCLES 


The dynamic RAM design is based on capacitor charge 
storage for each bit in the array. This charge will tend to de- 
grade with time and temperature. Therefore, to retain the cor- 
rect information, the module needs to be refreshed at least 
once every 8 milliseconds. This is accomplished by sequen- 
tially cycling through the 512 row address locations every 8 mil- 
liseconds (i.e., at least one row every 15.6 microseconds). A 
normal read or write operation to the module will also refresh 
all the words associated with the particular row(s) decoded. 


RAS-Only Refresh 


In this refresh method, the system must perform a 
RAS-only cycle on 512 row addresses every 8 milliseconds. 
The row addresses are latched in with the RAS clock, and the 
associated internal row locations are refreshed. As the 
heading implies, the CAS clock is not required and must be 
inactive or at a Vip level. 
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CAS Before RAS Refresh 


This refresh cycle is initiated when RAS falls, after CAS has 


been low (by tcsp). This activates the internal refresh counter 
which generates the row address to be refreshed. Externally 
applied addresses are ignored during the automatic refresh 
cycle. If the output buffer was off before the automatic refresh 
cycle, the output will stay in the high impedance state. If the 
output was enabled by CAS in the previous cycle, the data out 
will be maintained during the automatic refresh cycle as long 
as CAS is held active (hidden refresh). 


Hidden Refresh 


The hidden refresh method allows refresh cycles to be per- 
formed while maintaining valid data at the output pin. Hidden 
refresh is performed by holding CAS at Vj and taking RAS 
high and after a specified precharge period (trp), executing a 
CAS before RAS refresh cycle. (See Figure 1.) 


CAS BEFORE RAS REFRESH COUNTER TEST 


The internal refresh counter of the device can be tested with 
aCAS before RAS refresh counter test. This refresh counter 







RAS 


CAS 


DQ0-DQ35 — HIGH-Z 


test is performed with read and write operations. During this 
test, the internal refresh counter generates the row address, 
while the external address input supplies the column address. 
The entire array is refreshed after 512 test cycles, as indicated 
by the check data written in each row. See CAS before RAS 
refresh counter test cycle timing diagram. 

The test can be performed only after a minimum of 8 CAS 
before RAS initialization cycles. The test procedure is as 
follows: | 


1. Write “O”s into all memory cells (normal write mode). 

2. Select a column address, and read “0” out of the cell by 
performing CAS before RAS refresh counter test, read 
cycle. Repeat this operation 512 times. 

3. Select a column address, and write “1” into the cell By 
performing CAS before RAS refresh counter test, write 
cycle. Repeat this operation 512 times. 

4. Read “1”s (normal read mode), which were written at step 
3: 

5. Repeat steps 1 to 4 using complement data. 


REFRESH CYCLE 





Figure 1. Hidden Refresh Cycle 


ORDERING INFORMATION 
(Order by Full Part Number) 
MCM 36256 | x XX 
Motorola Memory ae LL Speed (70 = 70 ns, 80 = 80 ns, 10 = 100 ns) 
Part Number Package (S = SIMM, SG = Gold Pad SIMM) 
Full Part Numbers —- MCM36256S70 MCM36256SG70 
MCM36256S80 MCM36256SG80 
MCM36256S10 MCM36256SG10 
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a SEMICONDUCTOR 
TECHNICAL DATA 


Advance Information MCM36512 


512K x 36 Bit Dynamic Random 
Access Memory Module 


The MCM36512S is an 18M, dynamic random access memory (DRAM) module 
organized as 524,288 x 36 bits. The module is a 72-lead double-sided single-in-line 
memory module (SIMM) consisting of sixteen MCM514256A DRAMs housed in 20/26 
J-lead small outline packages (SOJ) and eight CMOS 256K x 1 DRAMs housed in 
18-lead PLCC packages, mounted on a substrate along with a 0.22 uF (min) decoup- 
ling capacitor mounted under each DRAM. The MCM514256A is a 1.0 1 CMOS high 
speed, dynamic random access memory organized as 262,144 four-bit words and 
fabricated with CMOS silicon-gate process technology. 

e Three-State Data Output 
e Early-Write Common I/O Capability 
e Fast Page Mode Capability 
e TTL-Compatible Inputs and Outputs 
e RAS Only Refresh 
e CAS Before RAS Refresh 
e Hidden Refresh 
e 512 Cycle Refresh: 
MCM36512 = 8 ms (Max) 
e Consists of Sixteen 256K x 4 DRAMs, Eight 256K x 1 DRAMs, and Twenty Four 

0.22 uF (Min) Decoupling Capacitors 
e Unlatched Data Out at Cycle End Allows Two Dimensional Chip Selection 
e Fast Access Time (tRac): 

MCM36512S-70 = 70 ns (Max) 
MCM36512S-80 = 80 ns (Max) 
MCM36512S-10 = 100 ns (Max) 
e Low Active Power Dissipation: 
MCM36512S-70 = 5.412 W (Max) 
MCM36512S-80 = 4.752 W (Max) 
MCM36512S-10 = 4.092 W (Max) 
e Low Standby Power Dissipation: 
TTL Levels = 264 mW (Max) 
CMOS Levels = 132 mW (Max) 


PIN OUT 
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Wissrwnak ete etaaas Read/Write Input 
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All power supply and ground pins must be 
connected for proper operation of the device. 
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This document contains information on a new product. Specifications and information herein are subject to change without notice. 
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BLOCK DIAGRAM 


CASO 


RASO RAS1 





CAS2 


RAS2 








0.22 F (Min.) 





PRESENCE DETECT PIN OUT 


NC 


NC 


PD2 Vss 
PD3 Vss 
PD4 
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ABSOLUTE MAXIMUM RATINGS (See Note) 


This device contains circuitry to 
protect the inputs against damage 
due to high static voltages or electric 
fields; however, it is advised that 


Voltage Relative to Vss normal precautions be taken to 
(For Any Pin Except Vcc) 


avoid application of any voltage 
higher than maximum rated voltages 
to these high impedence circuits. 





Siorage Temperature Range 


NOTE: Permanent device damage may occur if ABGOLUTE MAXIMUM RATINGS are exceeded. 
Functional operation should be restricted to RECOMMENDED OPERATING 
CONDITIONS. Exposure to higher than recommended voltages for extended periods of 
time could affect device reliability. 


DC OPERATING CONDITIONS AND CHARACTERISTICS 
(Vcc = 5.0 V + 10%, Ta = 0 to 70°C, Unless Otherwise Noted) 


RECOMMENDED OPERATING CONDITIONS 


Vcc Power Supply Current lcci mA 
MCM36512-70, taco = 130 ns 984 
_MCM36512-80, taco = 150 ns 864 
MCM3651 2-10, tac = 180 ns 744 


Vcc Power Supply Current (Standby) (RAS = CAS = Vip) | | icon | — | 4 | mA 
m 


Voc Power Supply Current During RAS only Refresh Cycles A 
MCM36512-70, tac = 130 ns 
MCM3651 2-80, tac = 150 ns 
MCM3651 2-10, tae = 180 ns 





> 


Vcc Power Supply Current During Fast Page Mode Cycle 
MCM3651 2-70, tac = 40 ns 
MCM3651 2-80, tac = 45 ns 
MCM3651 2-10, tac = 55 ns 


Ss 
> 


Vcc Power Supply Current (Standby) (RAS = CAS = Vcc — 0.2 V) 


Voc Power Supply Current During CAS Before RAS Refresh Cycle 
MCM36512-70, tac = 130 ns 
MCM3651 2-80, taco = 150 ns 
MCM3651 2-10, taco = 180 ns 


Input Leakage Current (Vss < Vin < Vcc) 


c 
>| > 


Output Leakage Current (CAS at Logic 1, Vgs < Vout $ Vcc) 


Output High Voltage (Ioy = — 5 mA) 





Output Low Voltage (lo = 4.2 mA) 


NOTES: 
1. All voltages referenced to Vss. 
2. Current is a function of cycle rate and output loading; maximum current is measured at the fastest cycle rate with the output open. 
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CAPACITANCE (f = 1.0 MHz, Ta = 25°C, Vcc = 5 V, Periodically Sampled Rather Than 100% Tested) 


| Min 

[Input Capacitance (A-A8) TT 

[input Capacitance) | | 

Input Capacitance (RASO-RAS3) C3 | — | s2 | pe] a | 
ce 
ees 
= 
















Input Capacitance (GAS0-CAS3) 


/0 Capacitance (DQ0-DQ7, DQ9-DQ16, DQ18-DQ25, DQ27-Da34) 
/O Capacitance (DQ8, DQ17, DQ26, DQ35) | 


NOTE: 
1. Capacitance measured with a Boonton Meter or effective capacitance calculated from the equation: C = 1 At/AV. 


AC OPERATING CONDITIONS AND CHARACTERISTICS 
(Vcc = 5.0 V + 10%, Ta = 0 to 70°C, Unless Otherwise Noted) 


READ AND WRITE CYCLES (See Notes 1, 2, 3, and 4) 


Parameter [Standard [aternate [ win | Max | Min 

Page Mode Cycle Time tceicer| tro | 40 | fe die! 
aes 
ta 
ee 
Lo) 











5 


Access Time from RAS tRELQV 
Access Time from CAS - | tCELav tCAC 


| Max 
a 
Access Time from Column Address | tavav | taa | 
Access Time from Precharge CAS 
CAS to Output in Low-Z aa 

50 


Output Buffer and Turn-Off Delay tCEHQZ 


m 
N 


10 


130 
40 
ie 
a 
Lo 
eees 
RAS Precharge Time t 
RAS Pulse Width | 
RAS Pulse Width (Fast Page Mode) 


C 
Cc 
A eu 
La 
Transition Time (Rise and Fall) 3 aes 
| 60 
| 80 


100 100,000 


0 
5 
0 
00 
Es 
25 
25 
20 






Pe | o 
Pe [| 
P00 F000 
F700 | 08000 


1 
5 
7 
{ 
2 


RAS Hold Time tCELREH 
CAS Hold Time tRELCEH 


RAS to CAS Delay Time dee? 3 


20 [50 
NOTES: 


1. Vipy min and Vj, max are reference levels for measuring timing of input signals. Transition times are measured between Vy and Vj,. 

2. An initial pause of 200 us is required after power-up followed by 8 RAS cycles before proper device operation is guaranteed. 

3. The transition time specification applies for all input signals. In addition to meeting the transition rate specification, all input signals must 
transition between Vjy and Vy, (or between Vi_ and Vj}) in a monotonic manner. 

4. AC measurements ty = 5.0 ns. 

5. The specifications for tac (min) and tawc (min) are used only to indicate cycle time at which proper operation over the full temperature range 
(0°C < Ta < 70°C) is assured. 

6. Measured with a current load equivalent to 2 TTL (— 200 pA, + 4 mA) loads and 100 pF with the data output trip points set at Voy = 2.0 V and 

~ VoL = 0.8 V. 

7. Assumes that tacp < tacp (max). 

8. Assumes that tacp 2 tacp (max). 

9. Assumes that trap 2 trap (max). 

0 

1 


ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 





ee! 
oe 
| 10,000 | 


11 


as 
Lae) 





RAS to Column Address Delay Time ns- 


(continued) 


. toFF (max) defines the time at which the output achieves the open circuit condition and is not referenced to output voltage levels. 

. Operation within the tacp (max) limit ensures that tpac (max) can be met. tacp (max) is specified as a reference point only; iftacp is greater 
than the specified tacp (max) limit, then access time is controlled exclusively to tcac. | 

12. Operation within the trap (max) limit ensures that trac (max) can be met. trap (max) is specified as a reference point only; if tRap is greater 

than the specified trap (max), then access time is controlled exclusively by taa. 
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READ AND WRITE CYCLES (Continued) 


Symbol MCM36512-70 MCM36512-80 MCM36512-10 


Parameter Standard | Alternate | Min 
CAS to RAS Precharge Time tCEHREL tcRP 5 


| Max | 
eS eo 
CAS Precharge Time (Page Mode tcp ie 
Cyle Only) 
— 
ed 
8 


Row Address Setup Time tAVREL tASR ft oe. 
Row Address Hold Time tRELAX tRAH | 10 | 


Column Address Setup Time tAVGEL tasc 


10 

Laas 
Column Address Hold Time tCELAX tCAH 15 

55 


Column Address Hold Time tRELAX taR 
Referenced to RAS 
Column Address to RAS Lead Time | tavacH | tra. | 35 | — | 40 | 


Read Command Hold Time tCEHWX tRCH 
Referenced to CAS 
Read Command Hold Time tREHWX tRRH 
Referenced to RAS 
Write Command Hold Time tCELWH tWCH 15 15 20 ns 
Referenced to CAS 
Write Command Hold Time tRELWH tWCR 55 75 
Referenced to RAS 


Data in Setup Time tDVCEL 
Data in Hold Time tCELDX 


RAS 


| 20_| 
| 20 | 
ee 
Refresh Period | tavav | tarsH | —_| 
Write Command Setup Time twos cs 

ik 

| 10 





CAS Setup Time for CAS Before tRELCEL tcSR 10 
RAS Refresh 

CAS Hold Time for CAS Before RAS | tRELCEH tCHR 30 30 
Refresh 


CAS Precharge to CAS Active Time } tREHCEL 

CAS Precharge Time for CAS tCEHCEL tCPT 40 
_ Before RAS Counter Test 

CAS Precharge Time tCEHCEL 10 


NOTES: 

13. Either thRH or taCH must be satisfied for a read cycle. 

14. These parameters are referenced to CAS leading edge in random write cycles. 

15. Early write only (twos 2 twcs (min)). . 

16. twcosisnotarestrictive operating parameter. Itis included in the data sheet as an electrical characteristic only; iftwos2twcs (min), the cycle 
is an early write cycle and the data out pin will remain open circuit (high impedance) throughout the entire cycle. If this condition is not satisifed, 
the condition of the data out (at access time) is indeterminate. 

17. To avoid bus contention and potential damage to the module, RASO and RAS1 may not be active low simultaneously. Similarly, RAS2 and 
RAS3 may not be simultaneously active low. 
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READ CYCLE 





tASR 


ViIH — 
ADDRESSES XX \ eed 
vy, — AAV%_AporEsS 





OX EEE KKK 






tRAH 'RCH 
'RCS 'RRH 
qw 4" VWWVVVYVVVVVV¥ VY YYY 
We AXXXXXXXXX XXX 
fee 
VoH — ne = ava 
ie ) 


EARLY WRITE CYCLE 
tRC 

’ tRAS 'RP 
—_ VIH- 
RAS 

Vit = 

tcpn 

—— VIH—- 
CAS 

ViL — 





VIH — LK 7 
moses” XX aaoees KX sess KXXXXXXXXXEXXKXEK 


tRAH tCwL | 
‘wes : tWCH peg | 
— ViH— ae WP 7 ; 
7, - MRXXXXXXXKN ||| KXKXXXXXXXKXX 
t 
'Ds ee - . 
VIH — — , « ee 
“DATAIN) vy — MAXXXXAXAKAMA_wauooara KX XXXXXXXXXXAAAKA 
|~¢—————— tpHR 
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FAST PAGE MODE READ CYCLE 


t it 
Viq — RASP + RP 
RAS ) 


CAS | | 









ViH — ae ala “ tanh >| ‘cal 
V\V/ 
owes TKN M ates KOM Ss KON KORE KXXXXKND 
(RAH | 'RRH 
wm huel | ett Lie BL Ut Pal 
— VIH- yt Ht 
We AY / Ny, XXX 
. | CAC CAC 
TAA Bar {AA 
i 'RAC 
DQ0-DQ35 oe I ri 
DATAOUT) yo _ EX ona FRA pain FOE bain 2 
'OFF | ‘OFF ‘OFF 
‘cLz— rr tcLz— ICLZ 
FAST PAGE MODE WRITE CYCLE (EARLY WRITE) 
ay, oe tRASP — tRP 
RAS 
VIL — = 
‘CRP ; 
—— VIH- hese 
CAS 
ViL — 





‘ASR 


ae ye pat pe ICAH 


Vides 
IH ROW COLUMN COLUMN COLUMN VV 
ADDRESSES “yy KX) (x) XXX 
— . ADDRESS 4 ADDRESS Y ADDRESS AAA. ADDRESS AVA AAA AAA 


AW mee 
'WCR 


'WCH tWCH 
ViH ‘We va, aes 
MH VKARAAAAZ malt 
re fees O9.9,00,0.9,9. YN oe BAKA 
Ips ose be 
DH tDH 
- VIH — 
SE REn COCOOn MEEEEN Few eR TOTO 
IL 
DHR 
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RAS ONLY REFRESH CYCLE 
(W and A& are Don’t Care) 
IRC 
| - Vin — 'RAS trp 
| : tcRP tRPC 
aS VIH — ie 7, 

— | tASR 
'RAH 

ViH — 

wow NM atts KXXXXXNXXKXX KR KKMKKKEK 


pao-pass YOH ~ 
DATA OUT 
(DATAOUT) yo) — 


HIGH-Z 


CAS BEFORE RAS REFRESH CYCLE 


(W and AO to A8 are Don’t Care) 


tRC 
tRA t 
i.e RAS RP 
RAS 
Vit — 
RPC-T# 
tcSR , 
VIH — aaa 
CA 
Vib = 
'OFF 
pao-pags YOH — | 
— HIGH-Z 


(DATA OUT) yo _ 
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HIDDEN REFRESH CYCLE (READ) 
'RC : tRAS 








en Wits 'RAS 'RP 
RAS ties | 
tCRP 'CPN 
“Efe Lar 
= Teal 
VIL — | mo oLaf TRAL | 
“WH Ce V a os VVVVVVVV | 
cs VIL — KX MaonessK XM annaess | XXAKXA XXXXKAXKAKX XXX 
'RCS 'RRH | 
— VIH — ! 
* vc RODMRO] [, XRKROEKRKROOCRAER 


lOFF 
Vea RAC 
Dao-DaQ35 “OH — 7 
(DATA OUT) yo _ XX VALID DATA 


tcLz 


HIDDEN REFRESH CYCLE (WRITE) 


tro tRAS 
RAS RP 
aS VIH — 

VIL — 

tcRP {CPN 

—. VIH — 
CAS 

Mibe= tRAD > i 





taSsR— 
VIH — . 
ores YN KO sc KRRKXXER RXR EXKXRKIRE 
'WCR 
tt 
aa ae , 
'wes WCH 
Vis 
VY VV 

7 XXX || XXEXRXKRRRRRROERK 








pao-pa3s VIH — 
DATA IN 
( ) Vit — 


PJ vauoonra KX XAAAXAXAM AMAA AA 
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CAS BEFORE RAS REFRESH COUNTER TEST CYCLE 


RAS trp 
a, Ves . 'RSH heaead 
. 
Vit — — 
tcsR 'caSs ——— | 

— VIH—- 
CAS 

Vit — 

taSC (CAH 


ViH — 
noonesses | OX KXXKKAAA —_anoness RXXKAAXXRA AAA 


IL — 
{CAC 








| aoe 
READ CYCLE al = as ore 
V _ 
(DATAOUT ‘a, - —————— HiGH.2 a 
. tRCS tCLZ tRRH 
_ ViH- , | | 
Wo XXX linc» AX 
De 
WRITE CYCLE twcs <> {WCH 
WP 
2a. VI 
Wi, NXRRKKXXXXKRKKA —[|___KRKKXXXRNKRHX 
tps >| <—!DH— 


VIH — | 
“ats. KXXKXXXKRKKXNM weno KXXXXXXNXXKNK 
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DEVICE INITIALIZATION 


On power-up an initial pause of 200 microseconds is re- 
quired for the internal substate generator pump to establish the 
correct bias voltage. This is to be followed by a minimum of 
eight active cycles of the row address strobe (clock) to initialize 
the various dynamic nodes internal to the module. During an 
extended inactive state of the module (greater than 4 millisec- 
onds with device powered up), the wake up sequence (8 active 
cycles) will be necessary to assure proper device operation. 


ADDRESSING THE RAM 


The nine address bus pins on the device are time multi- 
plexed with two separate 9-bit address fields that are strobed 
at the beginning of the memory cycle by two clocks (active neg- 
ative) called the row address strobe (RAS) and the column ad- 
dress strobe (CAS). A total of eighteen address bits will decode 
one of the 262,144 word locations in the device. The column 
address strobe follows the row address strobe by a specified 
minimum and maxium time called tcp, which is the row to 
column strobe delay. This time interval is also referred to as the 
multiplex window which gives flexibility to a system designer 
to set up the external addresses into the RAM. These condi- 
tions have to be met for normal read or write cycles. This initial 
portion of the cycle accomplishes the normal addressing of the 
device. These are, however, other variations in addressing the 
module: the refresh modes (RAS only refresh, CAS before 
RAS refresh, hidden refresh), and another mode called page 
mode which allows the user to column access all words within 
a selected row. The refresh mode and page mode operations 
are described in more detail in later sections. 


READ CYCLE 


Aread cycle is referred to as a normal read cycle to differen- 
tiate it from a page mode read cycle, which is covered in a later 
section. 

The memory read cycle begins with the row addresses valid 
and the RAS clock transitioning from Vj} to the Vj,_ level. The 
CAS clock must also make a transition from Vj} to the Vj; level 
at the specified tacp timing limits when the column addresses 
are latched. Both the RAS and CAS clocks trigger a sequence 
of events which are controlled by several delayed internal 
clocks. Also, these clocks are linked in such a manner that the 
access time of the device is independent of the address multi- 
plex window. The only stipulation is that the CAS clock must be 
active before or at the tacp maximum specification for an ac- 
cess (data valid) from the RAS clock edge to be guaranteed 
(tRAC). Ifthe taop maximum condition is not met, the access 
(tC Ac) from the CAS clock active transition will determine read 
access time. The external CAS signal is ignored until an inter- 
nal RAS signal is available. This gating feature on the CAS 
clock will allow the external CAS signal to become active as 
soon as the row address hold time (tRAH) specification has 
been met and defines the tacp minimum specification. The 
time difference between trop minimum and tacp maximum 
can be used to absorb skew delays in switching the address 
bus from the row to column addresses and in generating the 
CAS clock. 

Once the clocks have become active, they must stay active 
for the minimum (tras) period for the RAS clock and the mini- 
mum (tcas) period for the CAS clock. The RAS clock must 


stay inactive for the minimum (tRp) time. The former is for the 
completion of the cycle in progress, and the latter is for the de- 
vice internal circuitry to be precharged for the next active cycle. 

Data out is not latched and is valid as long as the CAS clock 
is active; the output will switch to the three-state mode when 
the CAS clock goes inactive. To perform aread cycle, the write 
(W) input must be held at the Vj} level from the time the CAS 
clock makes its active transition (tRcs) tothe time when it tran- 
sitions into the inactive (tRCH) mode. 


WRITE CYCLE 


A write cycle is similar to a read cycle except that the write 
(W) clock must go active (Vj; level) at or before the CAS clock 
goes active at a minimum twcs time. If the above condition is 
met, then the cycle in progress is referred to as an early write 
cycle. In an early write cycle, the write clock and the data in are 
referenced to the active transition of the CAS clock edge. 
There are two important parameters with respect to the write 
cycle: the column strobe to write lead time (tcyy_) and the row 
strobe to write lead time (try). These define the minimum 
time that RAS and CAS clocks need to be active after the write 
operation has started (W clock at Vj,_ level). 


PAGE-MODE CYCLES 


Page mode operation allows fast successive data opera- 
tions at all 512 column locations on a selected row. Page ac- 
cess (tcAc) is typically half the regular RAS clock access 
(tRAC) on the Motorola 1M dynamic RAM. Page mode opera- 
tion consists of holding the RAS clock active while cycling the 
CAS clock to access the column locations determined by the 
10-bit column address field. 

The page cycle is always initiated with a row address being 
provided and latched by the RAS clock, followed by the column 
address and CAS clock. From the timing illustrated, the initial 
cycle is a normal read or write cycle, that has been previously 
described, followed by the shorter CAS cycles (tpc). The CAS 
cycle time (tpc) consists of the CAS clock active time (tc,s), 
and CAS clock precharge time (tcp) and two transitions. In 
practice, any combination of read and write cycles can be per- 
formed to suit a particular application. 


REFRESH CYCLES 


The dynamic RAM design is based on capacitor charge 
storage for each bit in the array. This charge will tend to de- 
grade with time and temperature. Therefore, to retain the cor- 
rect information, the module needs to be refreshed at least 
once every 8 milliseconds. This is accomplished by sequen- 
tially cycling through the 512 row address locations every 8 mil- 
liseconds (i.e., at least one row every 15.6 microseconds). A 
normal read or write operation to the module will also refresh 
all the words associated with the particular row(s) decoded. 


RAS-Only Refresh 


In this refresh method, the system must perform a 
RAS-only cycle on 512 row addresses every 8 milliseconds. 
The row addresses are latched in with the RAS clock, and the 
associated internal row locations are refreshed. As the 
heading implies, the CAS clock is not required and must be 
inactive or at a Vip level. 
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CAS Before RAS Refresh 


This refresh cycle i is initiated when RAS falls, after CAS has. 


been low (by tcsp)..This activates the internal refresh counter 
which generates the row address to be refreshed. Externally 
applied addresses are ignored during the automatic refresh 
cycle. If the output buffer was off before the automatic refresh 
cycle, the output will stay in the high impedance state. If the 


output was enabled by CAS in the previous cycle, the data out . 


will be maintained during the automatic refresh cycle as long 
as CAS is held active (hidden refresh). 


Hidden Refresh 


The hidden refresh method allows refresh cycles to be per- 
formed while maintaining valid data at the output pin. Hidden 
refresh is performed by holding CAS at Vy, and taking RAS 
high and after a specified precharge period (tap), executing a 
CAS before RAS refresh cycle. (See Figure 1.) 


CAS BEFORE RAS REFRESH COUNTER TEST 


The internal refresh counter of the device can be tested with 


a CAS before RAS refresh counter test. This refresh counter — 










MEMORY CYCLE 


RAS 
tS 


DQ0-DQ35 — HIGH-Z 


test is performed with read and write operations. During this 
test, the internal refresh counter generates the row address, 
while the external address input supplies the column address. 
The entire array is refreshed after 512 test cycles, as indicated 
by the check data written in each row..See CAS before RAS 
refresh counter test cycle timing diagram. 

The test can be performed only after a minimum of 8 CAS 
before RAS initialization cycles. The test procedure is as 
follows: 


1. Write “O”s into all memory cells (normal write mode). 

2. Select a column address, and read “0” out of the cell by 
performing CAS before RAS refresh counter test, feae 
cycle. Repeat this operation 512 times. 

3. Select a column address, and write “1” into the cell By 
performing CAS before RAS refresh counter test, write 
cycle. Repeat this operation 512 times. 

4, Read “1”s (normal read mode), which were written at step 
3. 

5. Repeat steps 1 to 4 using complement data. 





REFRESH CYCLE 








Figure 1. Hidden Refresh Cycle 


ORDERING INFORMATION 
(Order by Full Part Number) 


MCM — 36512 






Motorola Memory Prefix 


Part Number 


Full Part Numbers — MCM36512S70 
MCM36512S80 
MGM36512810 . 





X XX 
ie Speed (70 = 70 ns, 80 = 80 ns, 10 = 100 ns) 
Package (S = SIMM, SG = Gold Pad SIMM) 


MCM36512SG70 
MCM36512SG80 
MCM36512SG10 
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a SEMICONDUCTOR 
TECHNICAL DATA 





MCM81000 


Advance Information NICM8L1000 


1M x8 Bit Dynamic Random 
Access Memory Module 


The MCM81000L and MCM81000S are 8M, dynamic random access memory 
(DRAM) modules organized as 1,048,576 x 8 bits. The modules are 30-lead single- 
in-line memory modules (SIMM) or 30-pin single-in-line packages (SIP) consist- 
ing of eight MCM511000A DRAMs housed in a 20/26 J-lead small outline pack- 
age (SOJ) and mounted on a substrate along with a 0.22 nF (min) decoupling 
capacitor mounted under each DRAM. The MCM511000A is a 1.04 CMOS high S PACKAGE 
speed, dynamic random access memory organized as 1,048,576 one-bit words SIMM MODULE 
and fabricated with CMOS silicon-gate process technology. | CASE 638 


Three-State Data Output _ 
Early-Write Common I/O Capability 
Fast Page Mode Capability 
TTL-Compatible Inputs and Outputs SINGLE IN-LINE PACKAGE 
RAS Only Refresh (TOP VIEW, MCM81000S/8L.1000S) 
CAS Before RAS Refresh 
Hidden Refresh 
512 Cycie Refresh: 
MCM81000 =8 ms (Max) 
MCM8L1000 = 64 ms (Max) 
Consists of Eight 1M DRAMs and Eight 0.22 nF (Min) Decoupling Capacitors 
Unlatched Data Out at Cycle End Allows Two Dimensional Chip Selection 
Fast Access Time (tRAc): 
MCM81000-70 = 70 ns (Max) 
MCM81000-80 = 80 ns (Max) 
MCM81000-10 = 100 ns (Max) 
@ Low Active Power Dissipation: 
MCM81000-70 = 3.6 W (Max) 
MCM81000-80 = 3.1 W (Max) 
MCM81000-10 = 2.7 W (Max) 
@ Low Standby Power Dissipation: 
TTL Levels =88 mW (Max) 
CMOS Levels (MCM81000) = 45 mW (Max) 
(MCM8L1000) = 9 mW (Max) 
© CAS Control for Eight Common I/O Lines 
@ Available in Edge Connector (MCM81000S) or Pin Connector (MCM81000L) 


MCM81000S OR MCM8L1000S (SIMM) 


Address Inputs 

Data Input/Output 
Column Address Strobe 
Row Address Strobe 
Read/Write Input 
Power (+5 V) 





No Connection 





This document contains information on a new product. Specifications and information herein are subject to change without notice. 
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FUNCTIONAL BLOCK DIAGRAM 


MCM8&1000e MCM8L1000 
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ABSOLUTE MAXIMUM RATINGS (See Note) 


This device contains circuitry to protect the 
inputs against damage due to high static 
voltages or electric fields; however, it is ad- 
vised that normal precautions be taken to 
avoid application of any voltage higher than 
maximum rated voltages to this high-imped- 
ance circuit. 





Storage Temperature Range 


NOTE: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are 
exceeded. Functional operation should be restricted to RECOMMENDED OPER- 
ATING CONDITIONS. Exposure to higher than recommended voltages for extended 
periods of time could affect device reliability. 





DC OPERATING CONDITIONS AND CHARACTERISTICS 
(Vcc =5.0 V +10%, Ta =0 to 70°C, Unless Otherwise Noted) 


RECOMMENDED OPERATING CONDITIONS 












































Supply Voltage (Operating Voltage Range) 

Logic Low Voltage, All Inputs | vw {| -10 [| - | of | v { 1 | 

DC CHARACTERISTICS 

Symbol | Min | Mex | Unit | Notes 

Vcc Power Supply Current Iec1 mA | 

MCM81000-70, trc = 130 ns 640 

MCM81000-80, tac = 150 ns 560 

MCM81000-10, tre = 180 ns 480 

Vcc Power Supply Current (Standby) (RAS = CAS = Vip) Icc2 | — | 1 | m | | 

Vcc Power Supply Current During RAS only Refresh Cycles Icc3 mA 

MCM81000-70, tre = 130 ns 640 

MCM81000-80, tac = 150 ns 560 

MCM81000-10, trc = 180 ns 480 

Vcc Power Supply Current During Fast Page Mode Cycle lcc4 mA 

MCM81000-70, tpc = 40 ns 480 

MCM81000-80, tpc = 45 ns 400 

MCM81000-10, tpc = 55 ns 320 

Vcc Power Supply Current (Standby) (RAS = CAS = Vcc - 0.2 V) MCM81000 Iccs mA 

MCM8L1000 

Vcc Power Supply Current During CAS Before RAS Refresh Cycle Iccé6 mA 

MCM81000-70, tre = 130 ns 640 

MCM81000-80, trc = 150 ns 560 

MCM81000-10, tre = 180 ns 480 

input Leakage Current (Vsg =Vin=Vco) [tay | = | 0 | oA | 

Output Leakage Current (CAS at Logic 1, VggsVoytSVCc) | Iikgioy | —20_ | | WA | 

Output High Voltage (Io = —5 mA) | Von | 24 | ae ei 
Output Low Voltage (Io, =4.2 mA) | Vor | - | pM 





CAPACITANCE (f=1.0 MHz, Ta =25°C, Vcc=5 V, Periodically Sampled Rather Than 100% Tested) 


Parameter 


Input Capacitance A0-A9, W, CAS, RAS 





Input/ Output Capacitance DQ0-DQ7 


NOTES: 
1. All voltages referenced to Vss. 
2. Current is a function of cycle rate and output loading; maximum current is measured at the fastest cycle rate with the output open. 
3. Capacitance measured with a Boonton Meter or effective capacitance calculated from the equation: C =IAt/AV. 
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AC OPERATING CONDITIONS AND CHARACTERISTICS 
(Vcc =5.0 V + 10%, Ta =0 to 70°C, Unless Otherwise Noted) 


READ AND WRITE CYCLES (See Notes 1, 2, 3, and 4) 


= , Symbol MCM81000-70 | MCM81000-80 | MCM81000-10 
arameter | 
Standard! Alternate | Min | 


Random Read or Write Cycle Time tRELREL | tre | 
Page Mode Cycle Time tCELCEL 
t 





= 
~N 


otes 

















t 
Access Time from RAS tRELOV 
Access Time from CAS tCELQV 
t 


Access Time from Precharge CAS tcEHOV | tcPA 
[CAS to OutputintowZ | tceLOX 
Output Buffer and Turn-Off Delay | tcEHOZ 


Transition Time (Rise and Fall) 
S Precharge Time tREHREL | 


CAS Hold Time tRELCEH| ‘tCSH 
CAS Pulse Width tCELCEH 


R 
i PC 
Access Time from Column Address tavav 
AS to Output in Lo 
RA i 
RAS Pulse Width 
RA i 
RAS Hold Time tCELREH 
x : 
7 —- 
RAS to CAS Delay T 
RA 
AS to RAS Precha 
i Cc 


A 

A 

w-Z 

tRELCEL 
rge T 

CAS Precharge Time (Page Mode Cycle Only) | tcEHCEL 


i C 
A 

RAS to Column Address Delay Time tRELAV 
|CAS to RAS Precharge Time | tCEHREL 
| tcp 
Row Address Setup Time tAVREL | tase | 
Row Address Hold Time tRELAX | tRAH 
Column Address Setup Time tAVCEL 
Column Address Hold Time tCELAX 

R R 


Column Address Hold Time Referenced to RAS 
tAVREH 


Column Address to RAS Lead Time 


Min 

7150 

= 

as 

ea 

an 

a 

Po 

al 

3 

=< < 

[RAS Putse Wien ———~S~=*w tec] tras — 
100,000] a0 
a = 

[EAS Hold Time ———SSSS—«*d rece] tc — 
20 

20 

iss 

aie 

= 

=< 

10 

Lo 

= 

<— 

Zs 





(continued) 


NOTES: 

1. Viz, min and Vi_ max are reference levels for measuring timing of input signals. Transition times are measured between Vi} and Vj,. 

2. An initial pause of 200 ys is required after power-up followed by 8 RAS cycles before proper device operation is guaranteed. 

3. The transition time specification applies for all input signals. In addition to meeting the transition rate specification, all input signals must 
transition between Viy and Vi, (or between Vi, and Vj) in a monotonic manner. 

4. AC measurements ty =5.0 ns. 

5. The specifications for tac (min) and trywc (min) are used only to indicate cycle time at which proper operation over the full temperature 
range (0°C <T,~ <70°C) is assured. 

6. Measured with a current load equivalent to 2 TTL (—200 pA, +4 mA) loads and 100 pF with the data output trip points set at 
VOH =2.0 V and Vo, =0.8 V. 

7. Assumes that tpcp <tRcp (max). 

8. Assumes that tacp2trcp (max). 

9. Assumes that trap 2trRap (max). 

0. torr (max) defines the time at which the output achieves the open circuit condition and is not referenced to output voltage levels. 

1. Operation within the tacp (max) limit ensures that tpac (max) can be met. tacp (max) is specified as a reference point only; if taco is 
greater than the specified thcp (max) limit, then access time is controlled exclusively by tcc. 

12. Operation within the trap (max) limit ensures that trac (max) can be met. trap (max) is specified as a reference point only; if trap is 
greater than the specified trap (max), then access time is controlled exclusively by ta,. 
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READ AND WRITE CYCLES (Continued) 









Symbol 


Parameter canner [Alternate | Min | 
sneet| anes 0 
Rasa esreaee Nad Te ease cca aca 0 
Roadicstataraliod Te Raeera io RS:ecsax asi 0 
Wit Command Hold Tie Referenced to CAS [ecewwm [wen [18 [= [8 | ao 
Wit Command Hold Tine Referenced to RAS [ineuwn | won [8 | — [|e fe PO 
Write Command Pulse Width win | twe | 1 | - | i | — | 2 | — | ns 
Visine Slat nna aa a= a) Sb Se 
ito Gonmnard to CAS Land Tive [owucen | sown [20 [= [20 | = | [= [om | 
Dia eng tie baer ee a Oo wae 
[Data in Hod Tne Reernced to RAS [neo <a es 


Refresh Period MCM81000] tryry tRFSH 
MCM8L1000 


Write Command Setup Time CEL 


] 
| 0 | 
CAS Setup Time for CAS Before RAS Refresh | treLceL | tcsr | 10 | 
| 30 
Be 
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NOTES: 
13. Either tary or trcH must be satisfied for a read cycle. 
14. These parameters are referenced to CAS leading edge in random write cycles. 
15. Early write only (twos2=twcs (min)). 
16. twcs is not a restrictive operating parameter. It is included in the data sheet as an electrical characteristic only; if twos2=twcs (min), 
the cycle is an early write cycle and the data out pin will remain open circuit (high impedance) throughout the entire cycle. If this condition 
is not satisfied, the condition of the data out (at access time) is indeterminate. 
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EARLY WRITE CYCLE 
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FAST PAGE MODE WRITE CYCLE (EARLY WRITE) 
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CAS Ss BEFORE RAS REFRESH CYCLE 
(W and AO to A9 are Don’t Care) 
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HIDDEN REFRESH CYCLE (WRITE) 
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CAS BEFORE RAS REFRESH COUNTER TEST CYCLE 
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DEVICE INITIALIZATION 


On power-up an initial pause of 200 microseconds is required 
for the internal substrate generator pump to establish the cor- 
rect bias voltage. This is to be followed by a minimum of eight 
active cycles of the row address strobe (clock) to initialize the 
various dynamic nodes internal to the device. During an ex- 
tended inactive state of the device (greater than 4 milliseconds 
with device powered up), the wake up sequence (8 active 
cycles) will be necessary to assure proper device operation. 


ADDRESSING THE RAM 


The ten address bus pins on the device are time multiplexed 
with two separate 10-bit address fields that are strobed at the 
beginning of the memory cycle by two clocks (active negative) 
called the row address strobe (RAS) and the column address 
strobe (CAS). A total of twenty address bits will decode one 
of the 1,048,576 byte locations in the device. The column 
address strobe follows the row address strobe by a specified 
minimum and maximum time called ““tRcp,”’ which is the row 
to column strobe delay. This time interval is also referred to 
as the multiplex window which gives flexibility to a system 
designer to set up his external addresses into the RAM. These 
conditions have to be met for normal read or write cycles. This 
initial portion of the cycle accomplishes the normal addressing 
of the device. There are, however, two other variations in 
addressing the 1M RAM module, one is called the RAS only 
refresh cycle (described later) where a 9-bit row address field 
is presented on the input pins and latched by the RAS clock. 
The most significant bit on Row Address AQ is not required 
for refresh. The other variation, which is called page mode, 
allows the user to column access all 1024 bytes within a se- 
lected row. (See PAGE-MODE CYCLES section.) 


READ CYCLE 


A read cycle is referred to as a normal read cycle to differ- 
entiate it from a page mode read cycle, which is covered in a 
later section. 

The memory read cycie begins with the row addresses valid 
and the RAS clock transitioning from Vj} to the Vj, level. 
The CAS clock must also make a transition from Vj} to the 
Vit level at the specified trcp timing limits when the column 
addresses are latched. Both the RAS and CAS clocks trigger 
a sequence of events which are controlled by several delayed 
internal clocks. Aliso, these clocks are linked in such a manner 
that the access time of the device is independent of the address 
multiplex window. The only stipulation is that the CAS clock 
must be active before or at the tRCDp maximum specification 
for an access (data valid) from the RAS clock edge to be 
guaranteed (tRAC). If the tacp maximum condition is not 
met, the access (tcac) from the CAS clock active transition 
will determine read access time. The external CAS signal is 
ignored until an internal RAS signal is available. This gating 
feature on the CAS clock will allow the external CAS signal 
to become active as soon as the row address hold time (tRAH) 
specification has been met and defines the trcp minimum 
specification. The time difference between trcp minimum and 
tRCD maximum can be used to absorb skew delays in switch- 
ing the address bus from row to column addresses and in 
generating the CAS clock. 

Once the clocks have become active, they must stay active 
for the minimum (tRAs) period for the RAS clock and the 


minimum (tcAs) period for the CAS clock. The RAS clock 
must stay inactive for the minimum (trp) time. The former is 
for the completion of the cycle in progress, and the latter is 
for the device internal circuitry to be precharged for the next 
active cycle. 

Data out is not latched and is valid as long as the CAS clock 
is active; the output will switch to the three-state mode when 
the CAS clock goes inactive. To perform a read cycle, the 
write (W) input must be held at the Vj} level from the time 
the CAS clock makes its active transition (tRCS) to the time 
when it transitions into the inactive (tacyH) mode. 


WRITE CYCLE 


A write cycle is similar to a read cycle except that the Write 
(W) clock must go active (Vj level) at or before the CAS ciock 
goes active at a minimum twcs time. If the above condition 
is met, then the cycle in progress is referred to as an early 
write cycle. In an early write cycle, the write clock and the 
data in are referenced to the active transition of the CAS clock 
edge. There are two important parameters with respect to the 
write cycle: the column strobe to write lead time (tc) and 
the row strobe to write lead time (try). These define the 
minimum time that RAS and CAS clocks need to be active 
after the write operation has started (W clock at Vj,_ level). 


PAGE-MODE CYCLES 


Page mode operation allows fast successive data operations 
at all 1024 column locations on a selected row. Page access 
(tcAC) is typically half the regular RAS clock access (tRAC) 
on the Motorola 1M dynamic RAM. Page mode operation 
consists of holding the RAS clock active while cycling the CAS 
clock to access the column locations determined by the 10- 
bit column address field. _ 

The page cycle is always initiated with a row address being 
provided and latched by the RAS clock, followed by the col- 
umn address and CAS clock. From the timing illustrated, the 
initial cycle is a normal read or write cycle, that has been 
previously described, followed by the shorter CAS cycles 
(tpc). The CAS cycle time (tpc) consists of the CAS clock 
active time (tcas), and CAS clock precharge time (tcp) and 
two transitions. In practice, any combination of read and write 
cycles can be performed to suit a particular application. 


REFRESH CYCLES 


The dynamic RAM design is based on capacitor charge 
storage for each bit in the array. This charge will tend to 
degrade with time and temperature. Therefore, to retain the 
correct information, the module needs to be refreshed at least 
once every 8 milliseconds. This is accomplished by sequentially 


_ cycling through the 512 row address locations every 8 milli- 


seconds ({i.e., at least one row every 15.6 microseconds). A 
normal read or write operation to the module will also refresh 
all the bytes (2048) associated with the particular row(s) 
decoded. 


RAS-Only Refresh 


In this refresh method, the system must perform a RAS- 
only cycle on 512 row addresses every 8 milliseconds. The row 
addresses are latched in with the RAS clock, and the 
associated internal row locations are refreshed. As the heading 
implies, the CAS clock is not required and must be inactive 
or at a Vip level. 
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CAS Before RAS Refresh 


This refresh cycle is initiated when RAS falls, after CAS has 
been low (by tcspR). This activates the internal refresh counter 
which generates the row address to be refreshed. Externally 
applied addresses are ignored during the automatic refresh 
cycle. If the output buffer was off before the automatic refresh 
cycle, the output will stay in the high impedance state. If the 
output was enabled by CAS in the previous cycle, the data 
out will be maintained during the automatic refresh cycle as 
long as CAS is held active (hidden refresh). 


Hidden Refresh 


The hidden refresh method allows refresh cycles to be per- 
formed while maintaining valid data at the output pin. Hidden 
refresh is performed by holding CAS at Vj, and taking RAS 
high and after a specified precharge period (trp), executing 
a CAS before RAS refresh cycle. (See Figure 1.) 


CAS BEFORE RAS REFRESH COUNTER TEST 


The internal refresh counter of this device can be tested 
with a CAS before RAS refresh counter test. This refresh 





MEMORY CYCLE 


— 





DQO-DOQ7 ——— HIGH Z 


REFRESH CYCLE 


== 


VALID DATA-OUT 


counter test is performed with read and write operations. Dur- 
ing this test, the internal refresh counter generates the row 
address, while the external address input supplies the column 
address. The entire array is refreshed after 512 test cycles, as 
indicated by the check data written in each row. See CAS 
before RAS refresh counter test cycle timing diagram. 

The test can be performed only after a minimum of 8 CAS 
before RAS initialization cycles. The test procedure is as 
follows: 





1. Write “’0’’s into all memory cells (normal write mode). 
Select a column address, and read ‘’0’’ out of the cell by 
performing CAS before RAS refresh counter test, 
read cycle. Repeat this operation 512 times. 

3. Select a column address, and write ‘'1” into the cell by 
performing CAS before RAS refresh counter test, 
write cycle. Repeat this operation 512 times. 

4. Read ‘'1’’s (normal read mode), which were written at 
step 3. 

5. Repeat steps 1 to 4 using complement data. 





REFRESH CYCLE 








Figure 1. Hidden Refresh Cycle 


ORDERING INFORMATION 
(Order by Full Part Number) 


MCM_ 81000 or 8L1000 xX 


i Speed (70=70 ns, 80=80 ns, 10= 100 ns) 
Package (L=SIP, S=SIMM) 


Motorola Memory Prefix 


Part Number 


XX 


Full Part Numbers— MCM81000L70 MCM81000S70 
MCM81000L80 MCM81000S80 
MCM81000L10 MCM81000S 10 
MCM8L1000L70 MCM8L1000S70 
MCM8L1000L80 MCM8L1000S80 
MCM8L1000L10 MCM8L1000S 10 


NOTE: Contact your Motorola representative for further information on the SIP package. 
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MOTOROLA 
TECHNICAL DATA 


Advance Information 
4M x 8 Bit Dynamic Random 
Access Memory Module 


The MCM84000S is a 32M, dynamic random access memory (DRAM) 
module organized as 4,194,304 x 8 bits. The module is a 30-lead 
single-in-line memory module (SIMM) consisting of eight MCM514100 
DRAMs housed in 20/26 J-lead small outline packages (SOJ) mounted 
on a substrate along with a 0.22 microfarad (min) decoupling capacitor 
mounted under each DRAM. The MCM514100 is a CMOS high speed, 
dynamic random access memory organized as 4,194,304 one-bit words 
and fabricated with CMOS silicon-gate process technology. 


Three-State Data Output 
Early-Write Common I/O Capability 
Fast Page Mode Capability 
TTL-Compatible Inputs and Outputs 
RAS Only Refresh 
CAS Before RAS Refresh 
Hidden Refresh 
1024 Cycle Refresh: 
MCM84000 = 16 ms 
MCM8L4000 = 128 ms 
e Consists of Eight 4M x 1 DRAMs and Eight 0.22 uF (Min) Decoupling 
Capacitors 
e Unlatched Data Out at Cycle End Allows Two Dimensional Chip Selection 
e Fast Access Time (tRac): 
MCM84000S-80 = 80 ns (Max) 
MCM84000S-10 = 100 ns (Max) 
e Low Active Power Dissipation: 
MCM84000S-80 and MCM8L4000S-80 = 4.4 W (Max) 
MCM84000S-10 and MCM8L4000S-10 = 3.75 W (Max) 
e Low Standby Power Dissipation: 
TTL Levels = 88 mW (Max) 
CMOS Levels (MCM84000) = 45 mW (Max) 
(MCM8L4000) = 18 mW (Max) 
e CAS Control for Eight Common I/O Lines 


m= SEMICONDUC aes 









MCM84000 
MCM8L4000 


S PACKAGE 
SIMM MODULE 
CASE 8398 


oemtin ceri ly RO tee een, ge, en, natin, spt, in, yn, 
CON HFC OMA OS WN — 
nee net eae et mag Senet Sea Nace cape “et neta meg me 





Address Inputs 

Data Input/Output 
Column Address Strobe 
Row Address Strobe 
Read/Write Input 

Power (+5 V) 


No Connection 





This document contains information on a new product. Specifications and information herein are subject to change without notice. 
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FUNCTIONAL BLOCK DIAGRAM 


es 


A0-A10 
RAS 
CAS 

WRITE 
Voc 





[Symbot [vais [uni] 
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Storage Temperature Range —55 to +125 


NOTE: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are exceeded. 
Functional operation should be restricted to RECOMMENDED OPERATING CONDITIONS. 
Exposure to higher than recommended voltages for extended periods of time could affect 
device reliability. 
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This device contains circuitry to pro- 
tect the inputs against damage due 
to high static voltages or electric 
fields; however, it is advised that nor- 
mal precautions be taken to avoid 
application of any voltage higher 
than maximum rated voltages to this 
high-impedance circuit. 
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DC OPERATING CONDITIONS AND CHARACTERISTICS 
(Vcc = 5.0 V t 10%, Ta = 0 to 70°C, Unless Otherwise Noted) 


RECOMMENDED OPERATING CONDITIONS 


Supply Voltage (Operating Voltage Range) 
| | vss | 0 | 
V : 








C 
= 
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DC CHARACTERISTICS 


Characteristic 


Vcc Power Supply Current 
MCM84000-80, tac = 150 ns 
MCM84000-10, tac = 180 ns 


Vcc Power Supply Current (Standby) (RAS = CAS = Vj}4) 


Vcc Power Supply Current During RAS Only Refresh Cycles 
MCM84000-80, trac = 150 ns 
MCM84000-10, tac = 180 ns 














Voc Power Supply Current During Fast Page Mode Cycle 
MCM84000-80, tpc = 45 ns . 
MCM84000-10, tpc = 55 ns 


Voc Power Supply Current (Standby) (RAS = CAS = Vcc — 0.2 V) MCM84000 ICC5 8 mA 
, MCM8L4000 3.2 


Voc Power Supply Current During CAS Before RAS Refresh Cycle 
MCM84000-80, tac = 150 ns 
MCM84000-10, tac = 180 ns 


: 
Output Leakage Current (CAS at Logic 1, Vgs S$ Vin S$ Voc) likg(O) —20 
Output High Voltage (Io =-5 mA) eae ee il We 
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CAPACITANCE (f = 1.0 MHz, Ta = 25°C, Voc = 5 V, Periodically Sampled Rather Than 100% Tested) 
Parameter 


Input Capacitance 


Input/Output Capacitance 


NOTES: 
1. All voltages referenced to Vss. 


2. Current is a function of cycle rate and output loading; maximum current is measured at the fastest cycle rate with the output open. 
3. Capacitance measured with a Boonton Meter or effective capacitance calculated from the equation: C = |At/AV. 
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AC OPERATING CONDITIONS AND CHARACTERISTICS 
(Voc = 5.0 V + 10%, Ta = 0 to 70°C, Unless Otherwise Noted 


READ AND WRITE CYCLES (See Notes 1, 2, 3, and 4) 


Symbol MCM84000-80 
Parameter Alternate | Min | 
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CAS to RAS Precharge Time tCEHREL tcRP 5 
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NOTES: 
1. Vipyy min and Vj,_ max are reference levels for measuring timing of input signals. Transition times are measured between Vip and Vj, . 
2. An initial pause of 200 [Us is required after power-up followed by 8 RAS cycles before proper device operation is guaranteed. 
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ho | - 





(continued) 


3. The transition time specification applies for all input signals. In addition to meeting the transition rate specification, all input signals must 
transition between Vip and Vj, (or between Vy, and Vj4) in a monotonic manner. 

4. AC measurements ty = 5.0 ns. 

5. The specifications for tac (min) and tawc (min) are used only to indicate cycle time at which proper operation over the full temperature range 
(O°C S$ Ta S$ 70°C) is assured. 

6. Measured with a current load equivalent to 2 TTL (—200 LA, +4 mA) loads and 100 pF with the data output trip points set at Voy = 2.0 V and 

VoL = 0.8 V. 

. Assumes that tacp S tacp (max). 

. Assumes that tacp 2 tRcp (max). 

. Assumes that trap 2 trap (max). 

. torr (max) defines the time at which the output achieves the open circuit condition and is not referenced to output voltage levels. 


oa oe 
—+~- Oo O ON 


. Operation within the tacp (max) limit ensures that tRac (max) can be met. tacp (max) is specified as a reference point only; iftRop is greater 
than the specified tacp (max) limit, then access time is controlled exclusively by tcac. 


12. Operation within the tha p (max) limit ensures that tpac (max) canbe met. trap (max) is specified as a reference point only; if tap is greater 
than the specified taap (max), then access time is controlled exclusively by ta. 
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READ AND WRITE CYCLES (Continued 


Symbol MCM84000-80 


) 
Read Command Setup Time — tWHCEL 
Read Command Hold Time Referenced to CAS tCEHWX | ‘RCH 
Read Command Hold Time Referenced to RAS tREHWX | ‘'tRRH 
Write Command Hold Time Referenced to CAS tCELWH 
\ 








MCM84000-10 
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Refresh Period MCM84000 
| MCM8L4000 

Write Command Setup Time 
AS Setup Time for CAS Before RAS Refresh 
AS Hold Time for CAS Before RAS Refresh 
AS Precharge to CAS Active Time 
AS Precharge Time for CAS Before RAS Counter Test 
AS Precharge Time 
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NOTES: 
13. Either thRH or taoH must be satisfied for a read cycle. 
14. These parameters are reference to CAS leading edge in random write cycles. 
15. Early write only (twos 2 twcs (min)). 
16. twogis nota restrictive operating parameter. It is included in the data sheet as an electrical characteristic only; if twos 2 twcs (min), the 
cycle is an early write cycle and the data out pin will remain open circuit (high impedance) throughout the entire cycle. If this condition is not — 
satisfied, the condition of the data out (at access time) is indeterminate. 
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READ CYCLE 
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FAST PAGE MODE READ CYCLE 
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FAST PAGE MODE WRITE CYCLE (EARLY WRITE) 
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RAS ONLY REFRESH CYCLE 
(W and A10 are Don’t Care) 
tRC 
tRA RP 
—— VIH- ° 
RAS 
Vit — 


tCRP na 'RPC 
- wy, 
ViL — | 
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CAS BEFORE RAS REFRESH CYCLE 
(W and AO to A10 are Don’t Care) 
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‘CSR tcHR ——— 
ICPN pak) 
—_— VIH — 
CAS 
Vit — 
lOFF 
pao-Da7 “OH - | | vere 
(DATA OUT) : 
OL — 


LE CA A SARE A A rrr erseeusvunss-t=enensrusaveenerrenmnanstfstuiummms 


MOTOROLA MEMORY DATA 


3-69 








-—MCM84000e MCM8L4000 


HIDDEN REFRESH CYCLE (READ) 
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HIDDEN REFRESH CYCLE (WRITE) 
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CAS BEFORE RAS REFRESH COUNTER TEST CYCLE 
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DEVICE INITIALIZATION a, 
On power-up an initial pause of 200 microseconds is re- 
quired for the internal substrate generator pump to establish 
the correct bias voltage. This must be followed by a minimum 
of eight active cycles of the row address strobe (clock) to ini- 
‘tialize all dynamic nodes within the RAM. During an extended 
inactive state (greater than 16 milliseconds with device pow- 
ered up), awake up sequence of eight active cycles is neces- 
sary to assure proper operation. . 


ADDRESSING THE RAM 

The eleven address pins on the device are time multi- 
plexed at the beginning of a memory cycle by two clocks, row 
address strobe (RAS) and column address strobe (CAS), into 


two separate 11-bit address fields. A.total of twenty two ad- | 


dress bits, eleven rows and eleven columns, will decode one 
of the 4,194,304 byte locations in the device. RAS active tran- 


sition is followed by CAS active transition (active = Vi_,tRCD _ 


minimum) for all read or write cycles. The delay between RAS 
and CAS active transitions, referred to as the multiplex win- 
dow, gives a system designer flexibility in setting up the exter- 
nal addresses into the RAM. 

The external CAS signal is ignored until an internal RAS 
signal is available. This “gate” feature on the external CAS 
clock enables the internal CAS line as soon as the row ad- 
dress hold time (tRAH) specification is met (and defines taco 
minimum). The multiplex window can be used to absorb skew 
delays in switching the address bus from row to column ad- 
dresses and in generating the CAS clock. 

There are three other variations in addressing the 4M 
RAM: RAS only refresh cycle, CAS before RAS refresh 
cycie, and page mode. All three are discussed in separate 
sections that follow. 


READ CYCLE 


The DRAM may be read with two different cycles: “normal” 
random read cycle and page mode read cycle. The normal 
read cycle is outlined here, while the page mode cycle is dis- 
cussed in a separate section. 

The normal read cycle begins as described in ADDRESS- 
ING THE RAM, with the RAS and CAS active transitions latch- 
ing the desired bit location. The write (W) input level must be 
high (VjH), tacg (minimum) before the CAS active transition, 
to enable read mode. 

_ Boththe RAS and CAS clocks trigger a sequence of events 
which are controlled by several delayed internal clocks. The 
internal clocks are linked in such a manner that the read ac- 
cess time of the device is independent of the address multi- 
plex window. However, CAS must be active before or attRcp 
maximum to guarantee valid data out (Q) at trac (access 
time from RAS active transition). If the tac¢p maximum is ex- 
ceeded, read access time is determined by the CAS clock ac- 
tive transition (tcc). 

The RAS and CAS clocks must remain active for a mini- 
mum time of tras and tcas respectively, to complete the 
read cycle. W must remain high throughout the cycle, and for 
time taRH Or tRcH after RAS or CAS inactive transition, re- 
spectively, to maintain the data at that bit location. Once RAS 


transitions to inactive, it must remain inactive for a minimum 
time of trp to precharge the internal device circuitry for the 
next active cycle. Q is valid, but not latched; as long as the 
CAS clock is active. When the CAS clock transitions to inac- 
tive, the output will switch to High Z (three-state). 


WRITE CYCLE 

The user can write to the DRAM with two cycles; early write 
and page mode early write. Early write mode is discussed 
here, while the page mode write operation is covered in anoth- 
er section. 

A write cycle begins as described in ADDRESSING THE 
RAM. Write mode is enabled by the transition of W to active 
(Vi). Minimum active time tras and tcas, and precharge 
time tap apply to write mode, as in the read mode. 

An early write cycle is characterized by W active transition 
at minimum time twos before CAS active transition. Data in 
(D) is referenced to CAS in an early write cycle. RAS and CAS 
clocks must stay active for tayy_ and tcw_. respectively, after 
the start of the early write operation to complete the cycle. 

Q remains in three-state condition throughout an early 
write cycle because W active transition precedes or coincides 
with CAS active transition, keeping data-out buffers disabled. 


PAGE-MODE CYCLES | 

Page mode allows fast successive data operations at all 
2048 column locations on a selected row of the dynamic RAM. 
Read access time in page mode (tcc) is typically half the 
regular RAS clock access time, trac. Page mode operation 
consists of keeping RAS active while toggling CAS between 
VjH and Vj. The rowis latched by RAS active transition, while 
each CAS active transition allows selection of a new-column 
location on the row. 

A page mode cycle is initiated by a normal read or write 
cycle, as described in prior sections. Once the timing require- 
ments for the first cycle are met, CAS transitions to inactive for 
minimum of tcp, while RAS remains low (Vj). The second 
CAS active transition while RAS is low initiates the first page 
mode cycle (tpc or tpR-wc). Either a read or write operation 
can be performed in a page mode cycle, subject to the same 
conditions as in normal operation (previously described). 
These operations can be intermixed in consecutive page 
mode cycies and performed in any order. The maximum num- 
ber of consecutive page mode cycles is limited by trasp. 
Page mode operation is ended when RAS transitions to inac- 
tive, coincident with or following CAS inactive transition. 


REFRESH CYCLES 

The dymanic RAM design is based on capacitor charge 
storage for each bit in the array. This charge will tend to de- 
grade with time and temperature. Each byte must be periodi- 
cally refreshed (recharged) to maintain the correct byte state. 
Bytes in the MCM84000 require refresh every 16 millisec- 
onds, while refresh time for the MCM8L4000 is 128 millisec- 
onds. 

This is accomplished by cycling through the 1024 row 
addresses in sequence within the specified refresh time. All 
the bytes on a row are refreshed simultaneously when the row 
is addressed. Distributed refresh implies a row refresh every 
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A.normal read, write, or read-write operation to the RAM will re- 
fresh all the bytes (4096) associated with the particular row de- 
coded. Three other methods of refresh, RAS-only refresh, CAS 
before RAS refresh, and hidden refresh are available on this de- 
vice for greater system flexibility. 


RAS-Only Refresh 

RAS-only refresh consists of RAS transition to active, latching 
the row address to be refreshed, while CAS remains high (Vj}) 
throughout the cycle. An external counter is employed to ensure all 
rows are refreshed within the specified jimit. 


CAS Before RAS Refresh 

CAS before RAS refresh is enabled by bring CAS active before 
RAS. This clock order activates an internal refresh counter that 
generates the row address to be refreshed. External address lines 
are ignored during the automatic refresh cycle. The output buffer 
remains at the same state it was in during the previous cycle (hid- 
den refresh). 


Hidden Refresh 


Hidden refresh allows refresh cycles to occur while maintaining 
valid data at the output pin. Holding CAS active the end of a read or 






MEMORY CYCLE 


RAS 


CAS 





DQ0-DQ7 — HIGH-Z 


VALID DATA-OUT 


Zee 


write cycle, while RAS cycles inactive for tap and back to active, 
starts the hidden refresh. This is essentially the execution of aCAS 
before RAS refresh from a cycle in progress (see Figure 1). 


CAS BEFORE RAS REFRESH COUNTER TEST 

The internal refresh counter of this device can be tested with a 
CAS before RAS refresh counter test. This test is performed 
with a read-write operation. During the test, the internal refresh 
counter generates the row address, while the external address 
supplies the column address. The entire array is refreshed after 
1024 cycles, as indicated by the check data written in each row. 
See CAS before RAS refresh counter test cycle timing diagram. 

The test can be performed after a minimum of 8 CAS before 
RAS initialization cycles. Test procedure: 








1. Write “O’s into all memory cells (normal write mode). 

2. Select a column address, and read “0” out of the cell by 
performing CAS before RAS refresh counter test, read 
cycle. Repeat this operation 1024 times. 

3. Select a column address, and write “1” into the cell by per- 
forming CAS before RAS refresh counter test, write cycle. 
Repeat this operation 1024 times. 

4. Read “1”s (normal read mode), which were written at step 3. 

5. Repeat steps 1 to 4 using complement data. 


CAS BEFORE RAS 
REFRESH CYCLE 


CAS BEFORE RAS 
REFRESH CYCLE 






Figure 1. Hidden Refresh Cycle 


ORDERING INFORMATION 
(Order by Full Part Number) 


MCM 84000 or 8L4000 


Motorola Memory Sifeel 


X XX 


iL. Speed (80 = 80 ns, 10 = 100 ns) 





Part Number Package (L = SIP, S = SIMM) 
Full Part Numbers — MCM84000L80 MCM84000S80 
MCM84000L10 MCM84000S10 
MCM8L4000L80 MCM8L4000S80 
MCM8L4000L10 MCM8L4000S10 


NOTE: Contact your Motorola Representative for further information on the SIP package. 
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MOTOROLA 
a SEMICONDUCTOR vA AEROS TASTE 
TECHNICAL DATA 


NMICM84256 


Advance Information _MCMB8&L4256 


256K x 8 Bit Dynamic Random 
Access Memory Module 


The MCM84256 is a 2M, dynamic random access memory (DRAM) module 
organized as 262,144 x 8 bits. The module is a 30-lead single-in-line memory 
module (SIMM) consisting of two MCM514256A DRAMs housed in 20/26 
J-lead small outline packages (SOJ) and mounted on a substrate along with a 





0.22 wF (min) decoupling capacitor mounted adjacent to each DRAM. The S PACKAGE 
MCM514256A is a 1.01 CMOS high speed, dynamic random access memory SIMM MODULE 
organized as 262,144 four-bit words and fabricated with CMOS silicon-gate pro- . CASE 839A 


cess technology. 





Three-State Data Output 

Early-Write Common |/O Capability 

Fast Page Mode Capability 30-PIN 
TTL-Compatible Inputs and Outputs SINGLE IN-LINE PACKAGE 


RAS Only Refresh | | (TOP VIEW, MCM84256S/8L4256S) 
CAS Before RAS Refresh ; 


Hidden Refresh 
512 Cycle Refresh: 
MCM84256 = 8 ms (Max) 
MCMS8L4256 = 64 ms (Max) 
@ Consists of Two 256K x 4 DRAMs and Two 0.22 yF (Min) Decoupling 
Capacitors 
@ Unlatched Data Out at Cycle End Allows Two Dimensional Chip Selection 
@ Fast Access Time (tRAc): 
MCM84256-70 = 70 ns (Max) 
MCM84256-80 = 80 ns (Max) 
MCM84256-10 = 100 ns (Max) 
@ Low Active Power Dissipation: 
MCM84256-70 = 0.9 W (Max) 
MCM84256-80 = 0.8 W (Max) 
MCM84256-10 =0.7 W (Max) 
@ Low Standby Power Dissipation: 
TTL Levels = 22 mW (Max) 
CMOS Levels (MCM84256) = 11 mW (Max) 
(MCM8L4256) = 2.2 mW (Max) 
@ CAS Control for Eight Common 1/0 Lines 
@ Available in Edge Connector 


Address Inputs 

Data Input/Output 
Column Address Strobe 
Row Address Strobe 
Read/Write Input 
Power (+5 V) 


No Connection 





This document contains information on a new product. Specifications and information herein are subject to change without notice. 
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FUNCTIONAL BLOCK DIAGRAM 


Ddo~DQ3 


2 
CAS 
el 


=i 


DQ4-DQ7 


RAS 
CAS 


Ww 
A0-A8 


Vec 
Vss 


ABSOLUTE MAXIMUM RATINGS (See Note) 


[Rating = Symbol | [oni 
[Data Out Current per Darin stout | 80 | mA | 
[Power Disipation _—=—=S~“~sSC*~wSCPP dC 

xs 








Operating Temperature Range ec 
Storage Temperature Range —-55 to +125; °C 


NOTE: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are 
exceeded. Functional operation should be restricted to RECOMMENDED OPER- 
ATING CONDITIONS. Exposure to higher than recommended voltages for extended 
periods of time could affect device reliability. 
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This device contains circuitry to protect the 
inputs against damage due to high static 
voltages or electric fields; however, it is ad- 
vised that normal precautions be taken to 
avoid application of any voltage higher than 
maximum rated voltages to this high-imped- 
ance circuit. 
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DC OPERATING CONDITIONS AND CHARACTERISTICS 
(Vcc =5.0 V + 10%, Ta=0 to 70°C, Unless Otherwise Noted) 


RECOMMENDED OPERATING CONDITIONS 


Supply Voltage (Operating Voltage Range) 
Vss 


Logic High Voltage, All inputs ViH 
Logic Low Voltage, All inputs VIL 






=| 


yP Notes 











O 





DC CHARACTERISTICS 


Vcc Power Supply Current 
MCM84256-70, tac = 130 ns 
MCM84256-80, trc = 150 ns 
MCM84256-10, tac = 180 ns 


Vcc Power Supply Current (Standby) (RAS = CAS = Vip) 


Vcc Power Supply Current During RAS only Refresh Cycles 
MCM84256-70, tac = 130 ns 
MCM84256-80, tac = 150 ns 
MCM84256-10, tac = 180 ns 

Vcc Power Supply Current During Fast Page Mode Cycle 
MCM84256-70, tpc = 40 ns 
MCM84256-80, tpc = 45 ns 
MCM84256-10, tpc = 55 ns 


Vcc Power Supply Current (Standby) (RAS = CAS = Vcc — 0.2 V) 


Notes 


Vcc Power Supply Current During CAS Before RAS Refresh Cycle 
MCM84256-70, tac = 130 ns 
MCM84256-80, tac = 150 ns 
MCM84256-10, tac = 180 ns 


160 

140 

120 
Input Leakage Current (Vss<Vin <Vcc) c | 20 | 
Output Leakage Current (CAS at Logic 1, Vgs<Vout=Vcc) : | 10 
Output High Voltage (ig = —5 mA) VoH 4] —- | 


Output Low Voltage (io, = 4.2 mA) 


CAPACITANCE (f=1.0 MHz, Ta=25°C, Vcc=5 V, Periodically Sampled Rather Than 100% Tested) 





| Notes 
Input Capacitance A0-A8, W, CAS, RAS 


Input/Output Capacitance DQO0-DQ7 Ci/O 


NOTES: 
1. All voltages referenced to Vss. 
2. Current is a function of cycle rate and output loading; maximum current is measured at the fastest cycle rate with the output open. 
3. Capacitance measured with a Boonton Meter or effective capacitance calculated from the equation: C = 1At/AV. 


pF 
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AC OPERATING CONDITIONS AND CHARACTERISTICS 
(Vcc =5.0 V + 10%, Ta =0 to 70°C, Unless Otherwise Noted) 


READ AND WRITE CYCLES (See Notes 1, 2, 3, and 4) 


MCM84256-70 | MCM84256-80 | MCM84256-10 
Random Read or Write Cycle Time 
Page Mode Cycle Time 
Access Time from RAS 
Access Time from CAS tceLaov | tcac 
Access Time from Column Address taAA 
{CPA 
tOFF 
Transition Time (Rise and Fall) tT 
RAS Pulse Width tRAS 
RAS Pulse Width (Fast Page Mode) tRASP 
Hold Time tRSH 
CAS Hold Time tCSH 
{CAS 
tRCD 
tRAD 
tCRP 
tcp 
tASR 
Row Address Hold Time tRAH 
Column Address Setup Time | tavceL | tasc 
Column Address Hold Time tCAH 


Column Address Hold Time Referenced to RAS | tRELAX taR 
Column Address to RAS Lead Time tAVREH tRAL 
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(continued) 


NOTES: 
1. Vipg min and Vi, max are reference levels for measuring timing of input signals. Transition times are measured between Vip and Vj_,. 
2. An initial pause of 200 ys is required after power-up followed by 8 RAS cycles before proper device operation is guaranteed. 
3. The transition time specification applies for all input signals. In addition to meeting the transition rate specification, all input signals must 
transition between Viy and Vi, (or between Vj, and Vix) in a monotonic manner. 
. AC measurements tT = 5.0 ns. 
5. The specifications for tac (min) and trywc (min) are used only to indicate cycle time at which proper operation over the full temperature 
range (0°C <T,a <70°C) is assured. 
. Measured with a current load equivalent to 2 TTL (—200 pA, +4 mA) loads and 100 pF with the data output trip points set at 
VOH =2.0 V and Vc, =0.8 V. 
. Assumes that trcp =tRcp (max). 
. Assumes that tacp =trcp (max). 
. Assumes that trap =tRAp (max). 
. tofF (max) defines the time at which the output achieves the open circuit condition and is not referenced to output voltage levels. 
. Operation within the trcp (max) limit ensures that trac (max) can be met. trcp (max) is specified as a reference point only; if tacp is 
greater than the specified trcp (max) limit, then access time is controlled exclusively by tcac. 
12. Operation within the trap (max) limit ensures that trac (max) can be met. trap (max) is specified as a reference point only; if tRap is 
greater than the specified thap (max), then access time is controlled exclusively by ta. 
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READ AND WRITE CYCLES (Continued) 


Reed Command Hold Time Referenced to RAS | trenwx| ‘RAH | 
i RA 






Notes 













Write Command Hold Time Referenced to RAS | treLwH 

Write Command Pulse Width 

Write Corimand to RAS Lead Time tWLREH 

Write Command to CAS Lead Time tWLCEH 
SR 


Ps 


= 


| Min | 
| 0 | 
EO 
eae 
| 15 | 
ee 
| 20 
| 20 | 
[Data in SetupTime sd tvcen | tos | OC 
[DatainHoldTime ste | ton | 18 
[Dn n Wot Tine Fated © S| weiox | oun | 
Refresh Period MCM84256 tava | mesh | | 
MCM8L4256 

[Write Command Setup Time sd twacen | twos | 0 | 
CAS Setup Time for CAS Before Refresh ltrerceL| tcsr | 10 | 
[EAS Hold Tine for GAS Before RAS Retesh [eneicen| coun | 30 
EAS Precharge to CAS Acie Tine Tmence.| tape [0 

veiw ied 

| 10 | 


CAS Precharge Time for CAS Before RAS tCEHCEL| tcPT 
Counter Test 


CAS Precharge Time tCEHCEL 


NOTES: 
13. Either tary or tacH must be satisfied for a read cycle. 
14. These parameters are referenced to CAS leading edge in random write cycles. 
15. Early write only (twcs2=twcs (min)). 
16. twcs is not a restrictive operating parameter. It is included in the data sheet as an electrical characteristic only; if twwcs=twcs (min), 
the cycle is an early write cycle and the data out pin will remain open circuit (high impedance) throughout the entire cycle. If this condition 
is not satisfied, the condition of the data out (at access time) is indeterminate. 
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EARLY WRITE CYCLE 
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FAST PAGE MODE WRITE CYCLE (EARLY WRITE) 
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RAS ONLY REFRESH CYCLE 
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CAS BEFORE RAS REFRESH CYCLE 
(W and A0 to A8 are Don’t Care) 


'RC 


ee trp 
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HIDDEN REFRESH CYCLE (WRITE) 


'RC 
RAS tRP 'RAS 


RAS 
ViL - 
tcRP 


tCPN 
i 'RCD tRSH CHR 


taR Ls 
tASR > we 


‘RAH 


moneses OK noes OOK, stows KX OOXXAXAAXKX KAKA AK 
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CAS BEFORE RAS REFRESH COUNTER TEST CYCLE 
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DEVICE INITIALIZATION 


On power-up an initial pause of 200 microseconds is required 
for the internal substrate generator pump to establish the cor- 
rect bias voltage. This is to be followed by a minimum of eight 
active cycles of the row address strobe (clock) to initialize the 


various dynamic nodes internal to the device. During an ex- 


tended inactive state of the device (greater than 4 milliseconds 
with device powered up), the wake up sequence (8 active 
cycles) will be necessary to assure proper device operation. 


ADDRESSING THE RAM 


The nine address bus pins on the device are time multiplexed 
with two separate 9-bit address fields that are strobed at the 
beginning of the memory cycle by two clocks (active negative) 
called the row address strobe (RAS) and the column address 
strobe (CAS). A total of eighteen address bits will decode one 
of the 262, 144 byte locations in the device. The column address 
strobe follows the row address strobe by a specified minimum 
and maximum time called ‘’tRcp,’’ which is the row to column 
strobe delay. This time interval is also referred to as the mul- 
tiplex window which gives flexibility to a system designer to 
set up the external addresses into the RAM. These conditions 
have to be met for normal read or write cycles. This initial 
portion of the cycle accomplishes the normal addressing of 
the device. There are, however, other variations in addressing 
the module: the refresh modes (RAS only refresh, CAS before 
RAS refresh, hidden refresh), and another mode called page 
mode which allows the user to column access the 512 bits 
within a selected row. The refresh mode and page mode op- 
erations are described in more detail in later sections. 


READ CYCLE 


A read cycie is referred to as a normal read cycle to differ- 
entiate it from a page mode read cycle, which is covered in a 
later section. 

The memory read cycle begins with the row addresses valid 
and the RAS clock transitioning from Vj} to the Vj, level. 
The CAS clock must also make a transition from Vj} to the 
Vit level at the specified trcp timing limits when the column 
addresses are latched. Both the RAS and CAS clocks trigger 
a sequence of events which are controlled by several delayed 
internal clocks. Also, these clocks are linked in such a manner 
that the access time of the device is independent of the address 
multiplex window. The only stipulation is that the CAS clock 
must be active before or at the tkCp maximum specification 
for an access (data valid) from the RAS clock edge to be 
guaranteed (tRAC). If the tacp maximum condition is not 
met, the access (tcc) from the CAS clock active transition 
will determine read access time. The external CAS signal is 
ignored until an internal RAS signal is available. This gating 
feature on the CAS clock will allow the external CAS signal 
to become active as soon as the row address hold time (tRAH) 
specification has been met and defines the tacp minimum 
specification. The time difference between tRCD minimum and 
tRCD maximum can be used to absorb skew delays in switch- 
ing the address bus from row to column addresses and in 
generating the CAS clock. 

Once the clocks have become active, they must stay active 
for the minimum (tps) period for the RAS clock and the 
minimum (tcAs) period for the CAS clock. The RAS clock 
must stay inactive for the minimum (trp) time. The former is 


for the completion of the cycle in progress, and the latter is 
for the device internal circuitry to be precharged for the next 
active cycle. 

Data out is not latched and is valid as long as the CAS clock 
is active; the output will switch to the three-state mode when 
the CAS clock goes inactive. To perform a read cycle, the 
write (W) input must be held at the Viy level from the time 
the CAS clock makes its active transition (trcs) to the time 
when it transitions into the inactive (tRc}H) mode. 


WRITE CYCLE 


_Awrite cycle is similar to a read cycle except that the Write 
(W) clock must go active (Vj,_ level) at or before the CAS clock 
goes active at a minimum twcs time. If the above condition 
is met, then the cycle in progress is referred to as an early 
write cycle. In an early write cycle, the write clock and the 
data in are referenced to the active transition of the CAS clock 
edge. There are two important parameters with respect to the 
write cycle: the column strobe to write lead time (tcywL) and 
the row strobe to write lead time (try). These define the 
minimum time that RAS and CAS clocks need to be active 
after the write operation has started (W clock at Vj,_ level). 


PAGE-MODE CYCLES 


Page mode operation allows fast successive data operations 
at all 512 column locations on a selected row. Page access 
(tcAC) is typically half the regular RAS clock access (tRAc) 
on the Motorola 1M dynamic RAM. Page mode operation 
consists of holding the RAS clock active while cycling the CAS 
clock to access the column locations determined by the 9-bit 
column address field. 

The page cycle is always initiated with a row address being 
provided and latched by the RAS clock, followed by the col- 
umn address and CAS clock. From the timing illustrated, the 
initial cycle is a normal read or write cycle, that has been 
previously described, followed by the shorter CAS cycles 
(tpc). The CAS cycle time (tpc) consists of the CAS clock 
active time (tcas), and CAS clock precharge time (tcp) and 
two transitions. In practice, any combination of read and write 
cycles can be performed to suit a particular application. 


REFRESH CYCLES 


The dynamic RAM design is based on capacitor charge 
storage for each bit in the array. This charge will tend to 
degrade with time and temperature. Therefore, to retain the 
correct information, the module needs to be refreshed at least 
once every 8 milliseconds. This is accomplished by sequentially 
cycling through the 512 row address locations every 8 milli- 
seconds (i.e., at least one row every 15.6 microseconds). A 
normal read or write operation to the module will also refresh 
all the bytes associated with the particular row(s) decoded. 


RAS-Only Refresh 


In this refresh method, the system must perform a RAS- 
only cycle on 512 row addresses every 8 milliseconds. The row 
addresses are latched in with the RAS clock, and the 
associated internal row locations are refreshed. As the heading 
implies, the CAS clock is not required and must be inactive 
or at a Vip level. 
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CAS Before RAS Refresh 


This refresh cycle is initiated when RAS falls, after CAS has 
been low (by tcsp). This activates the internal refresh counter 
which generates the row address to be refreshed. Externally 
applied addresses are ignored during the automatic refresh 
cycle. If the output buffer was off before the automatic refresh 
cycle, the output will stay in the high impedance state. If the 
output was enabled by CAS in the previous cycle, the data 
out will be maintained during the automatic refresh cycle as 
long as CAS is held active (hidden refresh). 


Hidden Refresh 


The hidden refresh method allows refresh cycles to be per- 
formed while maintaining valid data at the output pin. Hidden 
refresh is performed by holding CAS at Vi. and taking RAS 
high and after a specified precharge period (tRp), executing 
a CAS before RAS refresh cycle. (See Figure 1.) 


CAS BEFORE RAS REFRESH COUNTER TEST 


The internal refresh counter of this device can be tested 
with a CAS before RAS refresh counter test. This refresh 


MEMORY CYCLE 





DOO-DQ7 —— HIGH Z 


REFRESH CYCLE 





counter test is performed with read and write operations. Dur- 
ing this test, the internal refresh counter generates the row 
address, while the external address input supplies the column 
address. The entire array is refreshed after 512 test cycles, as 
indicated by the check data written in each row. See CAS 
before RAS refresh counter test cycle timing diagram. 

The test can be performed only after a minimum of 8 CAS 
before RAS initialization cycles. The test procedure is as 
follows: 


1. Write “’0’’s into all memory cells (normal write mode). 

2. Select a column address, and read “0” out of the cell by 
performing CAS before RAS refresh counter test, 
read cycle. Repeat this operation 512 times. 

3. Select a column address, and write ‘’1” into the cell by 
performing CAS before RAS refresh counter test, 
write cycle. Repeat this operation 512 times. 

4. Read “'1’’s (normal read mode), which were written at 
step 3. 

5. Repeat steps 1 to 4 using complement data. 





REFRESH CYCLE 








Figure 1. Hidden Refresh Cycle 


ORDERING INFORMATION 
(Order by Full Part Number) 


MCM 84256 or 814256 =X 


Motorola Memory Prefix 


Part Number 


Full Part Numbers — MCM84256S70 
MCM84256S80 
MCM84256S 10 


—_—- (70=70 ns, 80=80 ns, 10= 100 ns) 


Package (S = SIMM), 


MCM8L4256S70 
MCM8L4256S80 
MCM8L4256S 10 
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MCM91000 


Advance Information MCMS9L1000 


1M x9 Bit Dynamic Random 
Access Memory Module 


The MCM91000L and MCM91000S are 9M, dynamic random access memory 
(DRAM) modules organized as 1,048,576 x 9 bits. The modules are 30-lead single- 
in-line memory modules (SIMM) or 30-pin single-in-line packages (SIP) consist- 
ing of nine MCM511000A DRAMs housed in a 20/26 J-lead small outline pack- 
age (SOJ) and mounted on a substrate along with a 0.22 »F (min) decoupling S PACKAGE 
capacitor mounted under each DRAM. The MCM511000A is a 1.01 CMOS high SIMM MODULE 
speed, dynamic random access memory organized as 1,048,576 one-bit words CASE 839 
and fabricated with CMOS silicon-gate process technology. 


Three-State Data Output 
Early-Write Common I/O Capability 
Fast Page Mode Capability SINGLE IN-LINE PACKAGE 
TTL-Compatible Inputs and Outputs (TOP VIEW, MCM91000S/9L1000S) 
RAS Only Refresh 
CAS Before RAS Refresh 
Hidden Refresh 
512 Cycle Refresh: 
MCM91000 = 8 ms (Max) 
MCMS9L1000 = 64 ms (Max) 
Consists of Nine 1M DRAMs and Nine 0.22 nF (Min) Decoupling Capacitors 
Unlatched Data Out at Cycle End Allows Two Dimensional Chip Selection 
Fast Access Time (tRAc): 
MCM91000-70 = 70 ns (Max) 
MCM91000-80 = 80 ns (Max) 
MCM91000-10 = 100 ns (Max) 
® Low Active Power Dissipation: 
MCM91000-70 = 4.0 W (Max) 
MCM91000-80 = 3.5 W (Max) 
MCM91000-10 = 3.0 W (Max) 
@ Low Standby Power Dissipation: 
TTL Levels =99 mW (Max) 
CMOS Levels (MCM91000) = 50 mW (Max) 
(MCMSL1000) = 10 mW (Max) 
CAS Control for Eight Common I/O Lines 
CAS Control for Separate !/O Pair 
Available in Edge Connector (MCM91000S) or Pin Connector (MCM91000L) 
Available in Gold Pad Edge Connector (MCM91000SG) 





O 





Address Inputs | 
MCM91000S OR MCM9L1000S (SIMM) | Data Input/Output 


Data Output 
This document contains information on a new product. Specifications and information herein are subject to change without notice. 


Column Address Strobe 


Row Address Strobe 
Read/Write Input 
Column Address Strobe 
Power (+5 V) 





No Connection 
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FUNCTIONAL BLOCK DIAGRAM 
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ABSOLUTE MAXIMUM RATINGS (See Note) 
Rating 


This device contains circuitry to protect the 
inputs against damage due to high static 
voltages or electric fields; however, it is ad- 
vised that normal precautions be taken to 
avoid application of any voltage higher than 
maximum rated voltages to this high-imped- 
ance circuit. 





NOTE: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are 
exceeded. Functional operation should be restricted to RECOMMENDED OPER- 
ATING CONDITIONS. Exposure to higher than recommended voltages for extended 
periods of time could affect device reliability. 


DC OPERATING CONDITIONS AND CHARACTERISTICS 
(Vcc =5.0 V + 10%, Ta =0 to 70°C, Unless Otherwise Noted) 


RECOMMENDED OPERATING CONDITIONS 





Logic Low Voltage, All Inputs 


DC CHARACTERISTICS 






Characteristic 










Vcc Power Supply Current 
MCM91000-70, trac = 130 ns 

MCM91000-80, tac = 150 ns 

MCM91000-10, tac = 180 ns 

Vcc Power Supply Current (Standby) (RAS = CAS = Vip) 

Vcc Power Supply Current During RAS only Refresh Cycles 

MCM91000-70, tac = 130 ns 

MCM91000-80, tac = 150 ns 

MCM91000-10, tac = 180 ns 

Vcc Power Supply Current During Fast Page Mode Cycle 

MCM91000-70, tpc = 40 ns 

MCM91000-80, tpc = 45 ns 

MCM91000-10, tpc = 55 ns 


Vcc Power Supply Current (Standby) (RAS = CAS = Vcc — 0.2 V) Mcmg91000 | Icc5 mA 
MCM9L1000 


Vcc Power Supply Current During CAS Before RAS Refresh Cycle 

MCM91000-70, tac = 130 ns 
MCM91000-80, tac = 150 ns 
MCM91000-10, tac = 180 ns 


input Leakage Current (Vsg=VinzVcc) Swng P98 | 
[output Leekage Current (CAS at Logic 1, VegSVou=VGc) ington | =20 | 20 | nk 
Foutput High Votuge ligu=-Sma) SS SSSC~*~S Vn | a | 
[output Low Volage (ig =42ma) SSCS gs = we 


CAPACITANCE (f=1.0 MHz, Ta =25°C, Vcc=5 V, Periodically Sampled Rather Than 100% Tested) 
CMox [unit | Notes 
re 


Parameter 
Input Capacitance AO0-A9, W, CAS, RAS Cin p 

Input/Output Capacitance DQ0-DQ7 ie oe ee ee 
Output Capacitance (CAS = Vij to Disable Output) O8 Gouge f AOe |) SDE |: ase 


NOTES: 
1. All voltages referenced to Vss. 
2. Current is a function of cycle rate and output loading; maximum current is measured at the fastest cycle rate with the output open. 
3. Capacitance measured with a Boonton Meter or effective capacitance calculated from the equation: C=IAt/AV. 
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AC OPERATING CONDITIONS AND CHARACTERISTICS 
(Vcc =5.0 V +10%, Ta =0 to 70°C, Unless Otherwise Noted) 


READ AND WRITE CYCLES (See Notes 1, 2, 3, and 4) 


Parameter 
tRC | 
tec 






























[Random Read or White Gyole Time | taeuneu| tac _| 
[Page Mode CycleTime ——=—=*d cece. | tec _| 
[Accoss Time fromGAS_———=—S—=d ce | tcac | — | 
Access Time from Column Address | tavav | taa | — | 
cpa | = 
tCELOX 

iGEHOZ 


Transition Time (Rise and Fall) tT 


ne 

[RAS Precharge Time ~~~ nen |] an | 80 

[RAS Pulse with ———S~id trues) tna | 70 | 10,000" 

70 

[20 
co 
ince 


CAS Hold Time tRELCEH 


aes 
Cao 
Emo 
| tRSH 
70 
[CAS Pulse Width i tcezcen| tcas | 20 
| 20 | 
Pes 
| 10 
Po 


AA 
C 

=e 

[Row Address Setup Time | tavneu | asm 
Row Address Hold Time tRELAX | tRAH | 10 | 
[Colum Address Setup Time | wyoru | tasc | 0 
re 
tan | 55 _| 


Column Address Hold Time Referenced to RAS | trELAx | taR 
Column Address to RAS Lead Time tAVREH 


(continued) 





A) 3 
~ ry 
@ 





NOTES: 

1. Vipj min and Vi, max are reference levels for measuring timing of input signals. Transition times are measured between Vj} and Vi;. 

2. An initial pause of 200 us is required after power-up followed by 8 RAS cycles before proper device operation is guaranteed. 

3. The transition time specification applies for all input signals. In addition to meeting the transition rate specification, all input signals must 
transition between Vip and Vj, (or between Vj, and Vip) in a monotonic manner. 

4. AC measurements ty =5.0 ns. 

5. The specifications for tac (min) and trywc (min) are used only to indicate cycle time at which proper operation over the full temperature 
range (0°C <T, <70°C) is assured. 

6. Measured with a current load equivalent to 2 TTL (—200 pA, +4 mA) loads and 100 pF with the data output trip points set at 
VOH =2.0 V and Vo, =0.8 V. 

7. Assumes that tacp <trcp (max). 

8. Assumes that tacp=trcp (max). 

9. Assumes that trap 2=trRAp (max). 

0. torr (max) defines the time at which the output achieves the open circuit condition and is not referenced to output voltage levels. 

1. Operation within the tacp (max) limit ensures that trac (max) can be met. tacp (max) is specified as a reference point only; if tacp is 
greater than the specified tr¢p (max) limit, then access time is controlled exclusively by tcac. 

12. Operation within the trap (max) limit ensures that trac (max) can be met. trap (max) is specified as a reference point only; if trap is 

greater than the specified trap (max), then access time is controlled exclusively by ta. 
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READ AND WRITE CYCLES (Continued) 


Symbol 
arameter 
Alternate 


[Anernate | Min | Max | 
[Read Command Soup Tine ——SS—~i twice |_tacs | 0 | — 
Read Command Hold Time Referenced w CAS [ecenwx| tacn | 0 | — 
[Read Command Hold Time Referenced 10 RAS [rnenwx| tern | 0 | 
Pawen [16 | =] 
ewer | = | - 
we | | - 








= 
2) 
Ss 
& 
3 
= 
2) 
= 
s 
S 
8 
Ss 
7) 
& 
r=) 








Write Command to RAS Lead Time trwL | 20 | — 2 | — 2 | — | ns | | 


Refresh Period MCM91000) tryrv tRFSH 
MCM9L1000 


Ea 
5 
a 

won| wes | o [- | o)]- | 0] - | [ei 
0 aa 
= 
ad 
= 


























CAS Setup Time for CAS Before RAS Refresh | tpei CEL 
CAS Hold Time for CAS Before RAS Refresh | treL_CEH 
CAS Precharge to CAS Active Time tREHCEL 


CAS Precharge Time for CAS Before RAS tCEHCEL! tcPT 
Counter Test 


CAS Precharge Time tCEHCEL 


NOTES: 
13. Either tkRH or taCH must be satisfied for a read cycle. 
14. These parameters are referenced to CAS leading edge in random write cycles. 
15. Early write only (twos =twcs (min)). 
16. twcs is not a restrictive operating parameter. It is included in the data sheet as an electrical characteristic only; if twos =twcs (min), 
the cycle is an early write cycle and the data out pin will remain open circuit (high impedance) throughout the entire cycle. If this condition 
is not satisfied, the condition of the data out (at access time) is indeterminate. 
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EARLY WRITE CYCLE 
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CAS BEFORE RAS REFRESH CYCLE 
(W and A0 to AQ are Don’t Care} 
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HIDDEN REFRESH CYCLE (WRITE) 
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CAS BEFORE RAS REFRESH COUNTER TEST CYCLE 
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DEVICE INITIALIZATION 


On power-up an initial pause of 200 microseconds is required 
for the internal substrate generator pump to establish the cor- 
rect bias voltage. This is to be followed by a minimum of eight 
active cycles of the row address strobe (clock) to initialize the 
various dynamic nodes internal to the device. During an ex- 
tended inactive state of the device (greater than 4 milliseconds 
with device powered up), the wake up sequence (8 active 
cycles) will be necessary to assure proper device operation. 


ADDRESSING THE RAM 


The ten address bus pins on the device are time multiplexed 
with two separate 10-bit address fields that are strobed at the 
beginning of the memory cycle by two clocks (active negative) 
called the row address strobe (RAS) and the column address 
strobe (CAS). A total of twenty address bits will decode one 
of the 1,048,576 byte locations in the device. The column 
address strobe follows the row address strobe by a specified 
minimum and maximum time called ‘‘tRcp,” which is the row 
to column strobe delay. This time interval is also referred to 
as the multiplex window which gives flexibility to a system 
designer to set up his external addresses into the RAM. These 
conditions have to be met for normal read or write cycles. This 
initial portion of the cycle accomplishes the normal addressing 
of the device. There are, however, two other variations in 
addressing the 1M RAM module, one is called the RAS only 


refresh cycle (described later) where a 9-bit row address field 


is presented on the input pins and latched by the RAS clock. 
The most significant bit on Row Address AQ is not required 
for refresh. The other variation, which is called page mode, 
allows the user to column access all 1024 bytes within a se- 
lected row. (See PAGE-MODE CYCLES section.) 


READ CYCLE 


A read cycle is referred to as a normal read cycle to differ- 
entiate it from a page mode read cycle, which is covered in a 
later section. 

The memory read cycle begins with the row addresses valid 
and the RAS clock transitioning from Vj} to the Vi, level. 
The CAS clock must also make a transition from Vj} to the 
ViL level at the specified tacp timing limits when the column 
addresses are latched. Both the RAS and CAS clocks trigger 
a sequence of events which are controlled by several delayed 
internal clocks. Also, these clocks are linked in such a manner 
that the access time of the device is independent of the address 
multiplex window. The only stipulation is that the CAS clock 
must be active before or at the thCp maximum specification 
for an access (data valid) from the RAS clock edge to be 
guaranteed (tRAC). If the tkcp maximum condition is not 
met, the access (tcac) from the CAS clock active transition 
will determine read access time. The external CAS signal is 
ignored until an internal RAS signal is available. This gating 
feature on the CAS clock will allow the external CAS signal 
to become active as soon as the row address hold time (tRAH) 
specification has been met and defines the trcp minimum 
specification. The time difference between tRCp minimum and 
tRCD maximum can be used to absorb skew delays in switch- 
ing the address bus from row to column addresses and in 
generating the CAS clock. 

Once the clocks have become active, they must stay active 
for the minimum (tRags) period for the RAS clock and the 
minimum (tcas) period for the CAS clock. The RAS clock 


must stay inactive for the minimum (tgp) time. The former is 
for the completion of the cycle in progress, and the latter is 
for the device internal circuitry to be precharged for the next 
active cycle. 

Data out is not latched and is valid as long as the CAS clock 
is active; the output will switch to the three-state mode when 
the CAS clock goes inactive. To perform a read cycle, the 
write (W) input must be held at the Vj} level from the time 
the CAS clock makes its active transition (trcs) to the time 
when it transitions into the inactive (trc}) mode. 


WRITE CYCLE 


_Awrite cycle is similar to a read cycle except that the Write 
(W) clock must go active (Vj,_ level) at or before the CAS clock 
goes active at a minimum twcs time. If the above condition 
is met, then the cycle in progress is referred to as an early 
write cycie. In an early write cycle, the write clock and the 
data in are referenced to the active transition of the CAS clock 
edge. There are two important parameters with respect to the 
write cycle: the column strobe to write lead time (tcyy;) and 


the row strobe to write lead time (try). These define the 


minimum time that RAS and CAS clocks need to be active 
after the write operation has started (W clock at Vj, level). 


PAGE-MODE CYCLES 


Page mode operation allows fast successive data operations 
at all 1024 column locations on a selected row. Page access 
(tcc) is typically half the regular RAS clock access (tRAC) 
on the Motorola 1M dynamic RAM. Page mode operation 
consists of holding the RAS clock active while cycling the CAS 
clock to access the column locations determined by the 10- 
bit column address field. 

The page cycle is always initiated with a row address being 
provided and latched by the RAS clock, followed by the col- 
umn address and CAS clock. From the timing illustrated, the 
initial cycle is a normal read or write cycle, that has been 
previously described, followed by the shorter CAS cycles 
(tpc). The CAS cycle time (tpc) consists of the CAS clock 
active time (tcas), and CAS clock precharge time (tcp) and 
two transitions. In practice, any combination of read and write 
cycles can be performed to suit a particular application. 


REFRESH CYCLES 


The dynamic RAM design is based on capacitor charge 
storage for each bit in the array. This charge will tend to 
degrade with time and temperature. Therefore, to retain the 
correct information, the module needs to be refreshed at least 
once every 8 milliseconds. This is accomplished by sequentially 
cycling through the 512 row address locations every 8 milli- 
seconds (i.e., at least one row every 15.6 microseconds). A 
normal read or write operation to the module will also refresh 
all the bytes (2048) associated with. the particular row(s) 
decoded. 


RAS-Only Refresh 


In this refresh method, the system must perform a RAS- 
only cycle on 512 row addresses every 8 milliseconds. The row 
addresses are latched in with the RAS clock, and the 
associated internal row locations are refreshed. As the heading 
implies, the CAS clock is not required and must be inactive 
or at a Vip level. 
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CAS Before RAS Refresh 


This refresh cycle is initiated when RAS falls, after CAS has 
been low (by tcsp). This activates the internal refresh counter 
which generates the row address to be refreshed. Externally 
applied addresses are ignored during the automatic refresh 
cycle. If the output buffer was off before the automatic refresh 
cycle, the output will stay in the high impedance state. If the 
output was enabled by CAS in the previous cycle, the data 
out will be maintained during the automatic refresh cycle as 
long as CAS is held active (hidden refresh). 


Hidden Refresh 

The hidden refresh method allows refresh cycles to be per- 
formed while maintaining valid data at the output pin. Hidden 
refresh is performed by holding CAS at Vj, and taking RAS 
high and after a specified precharge period (trp), executing 
a CAS before RAS refresh cycle. (See Figure 1.) 


CAS BEFORE RAS REFRESH COUNTER TEST 


The internal refresh counter of this device can be tested 
with a CAS before RAS refresh counter test. This refresh 








MEMORY CYCLE 
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REFRESH CYCLE 
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VALID DATA-OUT 


counter test is performed with read and write operations. Dur- 
ing this test, the internal refresh counter generates the row 
address, while the external address input supplies the column 
address. The entire array is refreshed after 512 test cycles, as 
indicated by the check data written in each row. See CAS 
before RAS refresh counter test cycle timing diagram. 

The test can be performed only after a minimum of 8 CAS 
before RAS initialization cycles. The test procedure is as 
follows: 





1. Write ‘‘0’’s into all memory cells (normal write mode). 

2. Select a column address, and read ‘0’ out of the cell by 
performing CAS before RAS refresh counter test, 
read cycle. Repeat this operation 512 times. 

3. Select a column address, and write ‘’1”’ into the cell by 
performing CAS before RAS refresh counter test, 
write cycle. Repeat this operation 512 times. 

4. Read ‘1"’s (normal read mode), which were written at 
step 3. 

5. Repeat steps 1 to 4 using complement data. 


REFRESH CYCLE 














Figure 1. Hidden Refresh Cycle 


ORDERING INFORMATION 
(Order by Full Part Number) 


MCM 91000 or 9L1000 X XX 


Motorola Memory Prefix eee || oe Speed (70=70 ns, 80=80 ns, 10= 100 ns) 


Part Number Package (L=SIP, S=SIMM, 

SG = Gold Pad SIMM) 

Full Part Numbers—MCM91000L70 MCM91000S70 MCM91000SG70 

MCM91000L80 MCM91000S80 MCM91000SG80 

MCM91000L10 MCM91000S10 MCM91000SG10 

MCM9L1000L70 MCM9L1000S70 = MCM9L1000SG70 

MCM9L1000L80 MCM9L1000S80 | MCM9L1000SG80 

MCM89L1000L10 MCM9L1000S10 = MCM9L1000SG10 


NOTE: Contact your Motorola representative for further information on the SIP and Gold Pad SIMM packages. 
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MCM94000 
MCM9L4000 





Advance Information - 
4M x 9 Bit Dynamic Random 
Access Memory Module 


The MCM94000S is a 36M, dynamic random access memory (DRAM) 
module organized as 4,194,304 x 9 bits. The module is a 30-lead 
single-in-line memory module (SIMM) consisting of nine MCM514100 
DRAMs housed in 20/26 J-lead small outline packages (SOJ) mounted 
on a substrate along with a 0.22 microfarad (min) decoupling capacitor S PACKAGE 
mounted under each DRAM. The MCM514100 is a CMOS high speed, OO ASE GA0R 
dynamic random access memory organized as 4,194,304 one-bit words 
and fabricated with CMOS silicon-gate process technology. 





Three-State Data Output 

Early-Write Common I/O Capability 

Fast Page Mode Capability 

TTL-Compatible Inputs and Outputs 

RAS Only Refresh 

CAS Before RAS Refresh 

Hidden Refresh 

1024 Cycle Refresh: 

MCM94000 = 16 ms 
MCM9L4000 = 128 ms 

e Consists of Nine 4M x 1 DRAMs and Nine 0.22 uF (Min) Decoupling 
Capacitors 

e Unlatched Data Out at Cycle End Allows Two Dimensional Chip Selection 

e Fast Access Time (trac): 

MCM94000S-80 = 80 ns (Max) 
MCM94000S-10 = 100 ns (Max) 

e Low Active Power Dissipation: . 
MCM94000S-80 and MCM9L4000S-80 = 4.95 W (Max) 
MCM94000S-10 and MCM9L4000S-10 = 4.21 W (Max) 

e Low Standby Power Dissipation: 

TTL Levels = 99 mW (Max) 
CMOS Levels (MCM94000) = 50 mW (Max) 
(MCM9L4000) = 20 mW (Max) 
e CAS Control for Eight Common I/O Lines 
A 


a a a ne rer me ee cee ee ee Saree neta ete Senger eae ent Sal ence Sa nea” ee 
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S Control for Separate I/O Pair 
Address Inputs 

Data Input/Output 

Data Input 

Data Output 

Column Address Strobe 


Row Address Strobe 
Read/Write Input 
Column Address Strobe 
Power (+5 V) 





No Connection 


This document contains information on a new product. Specifications and information herein are subject to change without notice. 
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FUNCTIONAL BLOCK DIAGRAM 
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ABSOLUTE MAXIMUM RATINGS (See Note) 


Power Supply Voltage | 
Votege Relative io Vag ir Any PiExcapt Vcc 








NOTE: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are exceeded. 
Functional operation should be restricted to RECOMMENDED OPERATING CONDITIONS. 
Exposure to higher than recommended voltages for extended periods of time could affect 
device reliability. 


MOTOROLA MEMORY DATA 


3-97 






This device contains circuitry to pro- 
tect the inputs against damage due 
to high static voltages or electric 
fields; however, itis advised that nor- 
mal precautions be taken to avoid 
application of any voltage higher 
than maximum rated voitages to this 
high-impedance circuit. 








MCM394000e MCM9L4000 


DC OPERATING CONDITIONS AND CHARACTERISTICS 
(Voc = 5.0 V + 10%, Ta = 0 to 70°C, Unless Otherwise Noted) 


RECOMMENDED OPERATING CONDITIONS 


po Parameter | Symbt Tp 


a 
| vss | 9 | o | o 


Logic High Voltage, All Inputs 
Logic Low Voltage, All Inputs | Mf -t0 | — | 08 | 











DC CHARACTERISTICS 


Characteristic 


Vcc Power Supply Current 
MCM94000-80, tac = 150 ns 
MCM94000-10, tac = 180 ns 


Voc Power Supply Current (Standby) (RAS = CAS = Vj) 


Vcc Power Supply Current During RAS only Refresh Cycles 
MCM94000-80, tac = 150 ns 
MCM94000-10, tac = 180 ns 


Vcc Power Supply Current During Fast Page Mode Cycle 
MCM94000-80, tpc = 45 ns 
MCM94000-10, tpc = 55 ns 


Vcc Power Supply Current (Standby) (RAS = CAS = Vcc — 0.2 V) MCM94000 
MCMSL4000 


Vcc Power Supply Current During CAS Before RAS Refresh Cycle 
MCM94000-80, tac = 150 ns 
MCM94000-10, tac = 180 ns 





Input Capacitance A0-A10, W, CAS, RAS Cin | 60 | 


D8, CAS8 


7 
Input/Output Capacitance . DQ0-—DQ7 CVO pF 
.| Output Capacitance (CAS = Vj} to Disable Output) pF 


NOTES: 
1. All voltages referenced to Vss. 


2. Current is a function of cycle rate and output loading; maximum current is measured at the fastest cycle rate with the output open. 
3. Capacitance measured with a Boonton Meter or effective capacitance calculated from the equation: C = IAVAV. 
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AC OPERATING CONDITIONS AND CHARACTERISTICS 
(Voc = 5.0 V + 10%, Ta = 0 to 70°C, Unless Otherwise Noted 


READ AND WRITE CYCLES (See Notes 1, 2, 3, and 4) 


Symbol MCM94000-80 | MCM94000-10 

Parameter Standard | Alternate | Min | 
Random Read or Write Cycle Time tRELREL tRC 
Page Mode Cycle Time tCELCEL tpc 
A 


















5 


Ss 
oO 
Oo 


tRELQV tRAC 
tCELQV tCAC 








Access Time from GAS 


Access Time from Column Address tavav ta 
Access Time from Precharge CAS tCEHQV 











‘CPA 
Ic 
‘OFF 
T 
tRP 
'RAS 
tRASP 


‘RCD 
tRAD 
tCRP 
tcp 
taSR 
'RAH 
tAS 
{CAH 
taR 60 
40 


CAS to Output in Low-Z tCELQX 
Output Buffer and Turn-Off Delay tCEHQZ 
| Transition Time (Rise and Fall) 


RAS Precharge Time tREHREL 
RAS Pulse Width 'RELREH 


oo] 


| 40 | 
| 50 | 
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RAS Puise Width (Fast Page Mode tRELREH 


0 


Pied 
20 
40 
45 
20 
iti 50 
2 
RAS to CAS Delay Time tRELCEL 20 
RAS to Column Address Delay Time tRELAV | 40 
CAS to RAS Precharge Time tCEHREL 


) 
CAS Precharge Time (Page Mode Cycle Only) tCEHCEL 
I 
i 


Row Address Setup Time tAVREL 
Row Address Hold Time tRELAX 
Column Address Setup Time tAVCEL 


Column Address Hold Time 


i?) 


wok _ —_ 


— 
on 


tCELAX 


Column Address Hold Time Referenced to RAS | 


Column Address to RAS Lead Time 


75 
0 


tAVREH tRAL 


a 
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(continued) 


NOTES: 
1. Vipy min and Vi, max are reference levels for measuring timing of input signals. Transition times are measured between Vip and Vj, . 


2. An initial pause of 200 [Us is required after power-up followed by 8 RAS cycles before proper device operation is guaranteed. 


3. The transition time specification applies for all input signals. In addition to meeting the transition rate specification, all input signals must 
transition between Viy and Vy, (or between Vy and Vj}4) ina monotonic manner. 

4. AC measurements ty = 5.0 ns. 

5. The specifications for tac (min) and trwc (min) are used only to indicate cycle time at which proper operation over the full temperature range 
(0°C < Ta S$ 70°C) is assured. 

6. Measured with a current load equivalent to 2 TTL (-200 LA, +4 mA) loads and 100 pF with the data output trip points set at Voy = 2.0 V and 
VoL = 0.8 V. 

7. Assumes that tacp < tacp (max). 

8. Assumes that tacp 2 tRcp (max). 

9. Assumes that trap 2 tRap (max). 

0. torr (max) defines the time at which the output achieves the open circuit condition and is not referenced to output voltage levels. 


11. Operation within the tacp (max) limit ensures that trac (max) can be met. tacp (max) is specified as a reference point only; if tcp is greater 
than the specified tacp (max) limit, then access time is controlled exclusively by tcac. 


12. Operation within the thap (max) limit ensures that tp ac (max) can be met. tRap (max) is specified as a reference point only; if trap is greater 
than the specified trap (max), then access time is controlled by taa. 
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READ AND WRITE CYCLES (Continued) 





Read Command Setup Time - tWHCEL tRos 
Read Command Hold Time Referenced to CAS | tCEHWX tRCH | 
Read Command Hold Time Reference to RAS tREHWX tRRH 


Write Command Hold Time Referenced to CAS tWCH 
Write Command Hold Time Reference to RAS twoR 
Write Command Pulse Width 
Write Command to RAS Lead Time 20 
Write Command to CAS Lead Time 20 
Data in Setup Time 

Data in Hold Time 
Data in Hold Time Referenced to RAS 


Refresh Period MCM94000 tRVRV tRFSH 
MCM9L4000 


Write Command Setup Time 
CAS Setup Time for CAS Before RAS Refresh 
CAS Hold Time for CAS Before RAS Refresh 
CAS Precharge to CAS Active Time : ltReEHCEL | tapc | 
CAS Precharge Time for CAS Before RAS Counter Test 40 


MCM94000-80 | MCM94000-10 











Parameter 


Standard | Alternate 


— 
on 
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CAS Precharge Time tCEHCEL 10 
NOTES: 
13. Either taRy or tRCH must be satisfied for a read cycle. 
14. These parameters are reference to CAS leading edge in random write cycles. 
15. Early write only (twos 2 twcs (min). 


16. 


twcs is not a restrictive operating parameter. It is included in the data sheet as an electrical characteristic only; if twos 2 twcs (min), the 
cycle is an early write cycle and the data out pin will remain open circuit (high impedance) throughout the entire cycle. If this condition is not 
satisfied, the condition of the data out (at access time) is indeterminate. 
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READ CYCLE 
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FAST PAGE MODE READ CYCLE 
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RAS ONLY REFRESH CYCLE 
(W and A10 are Don't Care) 
tRc 
tRAS 'RP 
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Vi — 
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(AO to A10 are Don't Care) 
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‘OFF 
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HIDDEN REFRESH CYCLE (READ) 
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HIDDEN REFRESH CYCLE (WRITE) 
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CAS BEFORE RAS REFRESH COUNTER TEST CYCLE 
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‘DEVICE INITIALIZATION 


On power-up an initial pause of 200 microseconds is 
required for the internal substrate generator to establish the 
correct bias voltage. This must be followed by a minimum of 
eight active cycles of the row address strobe (clock) to initialize 
all dynamic nodes within the RAM. During an extended inactive 
state (greater than 16 milliseconds with device powered up), a 
wake up sequence of eight active cycles is necessary to assure 
proper operation. 


ADDRESSING THE RAM 


The eleven address pins on the device are time multiplexed _ 


at the beginning of a memory cycle by two clocks, row address 
strobe (RAS) and column address strobe (CAS), into two sepa- 
rate 11-bit address fields. A total of twenty two address bits, 
eleven rows and eleven columns, will decode one of the 
4,194,304 byte locations in the device. RAS active transition is 
followed by CAS active transition (active = Vj,_, tacp minimum) 
for all read or write cycles. The delay between RAS and CAS 
active transition, referred to as the multiplex window, gives a 
system designer flexibility in setting up the external addresses 
into the RAM. 

The external CAS signal is ignored until an internal RAS sig- 
nal is available. This “gate” feature on the external CAS clock 
enables the internal CAS line as soon as the row address hold 
time (tRAH) Specification is met (and defines thcp minimum). 
The multiplex window can be used to absorb skew delays in 
switching the address bus from row to column addresses and in 
generating the CAS clock. 

There are three other variations in addressing the 4M RAM: 
RAS only refresh cycle, CAS before RAS refresh cycle, and 
page mode. Ali three are discussed in separate sections that 
follow. 


READ CYCLE 


The DRAM may be read with two different cycles: “normal” 
random read cycle, and page mode read cycle. The normal 
read cycle is outlined here, while the page mode cycle is dis- 
cussed in a separate section. 

The normal read cycle begins as described in ADDRESS- 
ING THE RAM, with the RAS and CAS active transitions latch- 
ing the desired bit location. The write (W) input level must be 
high (Vj), tacg (minimum) before the CAS active transition, to 
enable read mode. 

Bath the RAS and CAS clocks trigger a sequence of events 
which are controlled by several delayed internal clocks. The in- 
ternal clocks are linked in such a manner that the read access 
time of the device is independent of the address multiplex win- 
dow. However, CAS must be active before or at tpcp maximum 
to guarantee valid data out (Q) at trac (access time from RAS 
active transition). If the tacp maximum is exceeded, read ac- 
cess time is determined by the CAS clock active transition 
(CAC) 

The RAS and CAS clocks must remain active for aminimum 
time of tras andtcas respectively, to complete the read cycle. 
W must remain high throughout the cycle, and for time tary or 
tRCH after RAS or CAS inactive transition, respectively, to 
maintain the data at that bit location. Once RAS transitions to 


inactive, it must remain inactive for a minimum time of trp to 
precharge the internal device circuitry for the next active cycle. 
Q is valid, but not latched, as long as the CAS clock is active. 
When the CAS clock transitions to inactive, the output will 
switch to High Z (three-state). 


WRITE CYCLE 

The user can write to the DRAM with two cycles; early write 
and page mode early write. Early write mode is discussed here, 
while the page mode write operation is covered in another 
section. 

A write cycle begins as described in ADDRESSING THE 
RAM. Write mode is enabled by the transition of W to active 
(Vj_). Minimum active time tras and tcas, and precharge time 
tRp apply to write mode, as in the read mode. 

An early write cycle is characterized by W active transition at 
minimum time twos before CAS active transition. Data in (D) is 
referenced to CAS in an early write cycle. RAS and CAS clocks 
must stay active for tRy and tcw_, respectively, afterthe start 
of the early write operation to complete the cycle. 

Q remains in three-state condition throughout an early write 
cycle because W active transition precedes or coincides with 
CAS active transition, keeping data-out buffers disabled. 


PAGE-MODE CYCLES . 

Page mode allows fast successive data operations at all 
2048 column locations on a selected row of the dynamic RAM. 
Read access time in page mode (tc Ac) is typically half the reg- 
ular RAS clock access time, trac. Page mode operation con- 
sists of keeping RAS active while toggling CAS between Vj} 
and V}) . The rowis latched by RAS active transition, while each 
CAS active transition allows selection of a new-column location 
on the row. 

A page mode cycle is initiated by a normal read or write 
cycle, as described in prior sections. Once the timing 
requirements for the first cycle are met, CAS transitions to 
inactive for minimum of tcp, while RAS remains low (Vj, ). The 
second CAS active transition while RAS is low initiates the first 
page mode cycle (tpc or tpRwc). Either a read or write 
operation canbe performed in a page mode cycle, subject to the 
same conditions as in normal operation (previously described). 
These operations can be intermixed in consecutive page mode 
cycles and performed in any order. The maximum number of 
consecutive page mode cycles is limited by thasp. Page mode 
operation is ended when RAS transitions to inactive, coincident 
with or following CAS inactive transition. 


REFRESH CYCLES 

The dymanic RAM design is based on capacitor charge stor- 
age for each bit in the array. This charge will tend to degrade 
with time and temperature. Each byte must be periodically re- 
freshed (recharged) to maintain the correct byte state. Bytes in 
the MCM94000 require refresh every 16 milliseconds, while re- 
fresh time for the MCM9L4000 is 128 milliseconds. 

This is accomplished by cycling through the 1024 row 
addresses in sequence within the specified refresh time. All the 
bytes on a row are refreshed simultaneously when the row is 
addressed. Distributed refresh implies a row refresh every 15.6 
microseconds for the MCM94000, and 124.8 microseconds for 
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the MCM9L4000. Burst refresh, a refresh of all 1024 rows 
consecutively, must be performed every 16 milliseconds on the 
MCM94000 and 128 milliseconds on the MCM9L4000. 

Anormal read, write, or read-write operation to the RAM will 
refresh all the bytes (4096) associated with the particular row 
decoded. Three other methods of refresh, RAS-only refresh, 
CAS before RAS refresh, and hidden refresh are available 
on this device for greater system flexibility. 


RAS-Only Refresh 

RAS-only refresh consists of RAS transition to active, latch- 
ing the row address to be refreshed, while CAS remains high 
(Vj) throughout the cycle. An external counter is employed to 
ensure all rows are refreshed within the specified limit. 


CAS Before RAS Refresh 

CAS before RAS refresh is enabled by bringing CAS active 
before RAS. This clock order activates an internal refresh 
counter that generates the row address to be refreshed. Exter- 
nal address lines are ignored during the automatic refresh 
cycle. The output buffer remains at the same state it was in dur- 
ing the previous cycle (hidden refresh). 


Hidden Refresh 


Hidden refresh allows refresh cycles to occur while main- 
taining valid data at the output pin. Holding CAS active the end 





MEMORY CYCLE 


= 





RAS 


CAS 





DQ0-DQ7 — HIGH-Z 


VALID DATA-OUT 


of a read or write cycle, while RAS cycles inactive for tap and 
back to active, starts the hidden refresh. This is essentially the 
execution of a CAS before RAS refresh froma cycle in progress 
(see Figure 1). 


CAS BEFORE RAS REFRESH COUNTER TEST 


The internal refresh counter of this device can be tested with 
a CAS before RAS refresh counter test. This test is per- 
formed with a read-write operation. During the test, the internal 
refresh counter generates the row address, while the external 
address supplies the column address. The entire array is re- 
freshed after 1024 cycles, as indicated by the check data writ- 
ten in each row. See CAS before RAS refresh counter test 
cycle timing diagram. 

The test can be performed after a minimum of 8 CAS before 
RAS initialization cycles. Test procedure: . 


1. Write “O”s into all memory cells (normal write mode). 

2. Select a column address, and read “0” out of the cell by 
performing CAS before RAS refresh counter test, read 
cycle. Repeat this operation 1024 times. 

3. Select a column address, and write “1” into the cell by per- 
forming CAS before RAS refresh counter test, write 
cycle. Repeat this operation 1024 times. 

4. Read “1”s (normal read mode), which were written at step 3. 

5. Repeat steps 1 to 4 using complement data. 


CAS BEFORE RAS 
REFRESH CYCLE 


= 


CAS BEFORE RAS 
REFRESH CYCLE 








Figure 1. Hidden Refresh Cycle 


ORDERING INFORMATION 
(Order by Full Part Number) 


MCM 


Motorola Memory aes 


94000 or 9L4000 


xX XX 


[| See Speed (80 = 80 ns, 10 = 100 ns) 





Part Number Package (L = SIP, S= SIMM, 
SG=Gold Pad SIMM) 
Full Part Numbers — MQM94000L80 MCM94000S80 MCM94000SG80 
MCM94000L10 MCM94000S10 MCM94000SG10 
MCMSL4000L80 MCMS9L4000S80 MCM9L4000SG80 
MCM9L4000L10 MCM29!.4000S10 MCM9L4000SG10 
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MCM94256 _ 


Product Preview 
256K x 9 Bit Dynamic Random 
Access Memory Module 


The MCM94256S is a 2.25M bit, dynamic random access memory (DRAM) 

module organized as 262,144 x 9 bits. The module is a 30-lead_single-in-line Baie 
memory module (SIMM) consisting of two MCM514256A DRAMs housed in | CASE 839A 
20/26 J-lead small outline packages (SOJ) and one CMOS 256K x 1 DRAM 
housed in an 18-lead PLCC package, mounted on a substrate along with a 
0.22 uF (min) decoupling capacitor mounted adjacent to each DRAM. The 
MCM514256A is a 1.0u CMOS high speed, dynamic random access memory SINGLE IN-LINE PACKAGE 
organized as 262,144 four-bit words and fabricated with CMOS silicon-gate | (TOP VIEW, MCM94256) 
process technology. 





Three-State Data Output 

Early-Write Common I/O Capability 

Fast Page Mode Capability 

TTL-Compatible Inputs and Outputs 

RAS Only Refresh | 

CAS Before RAS Refresh 

Hidden Refresh 

512 Cycle Refresh: 

MCM94256 = 8 ms (Max) 

e Consists of Two 256K x 4 DRAMs, One 256K x 1 DRAM, and 
Three 0.22 uF (Min) Decoupling Capacitors 

e Unlatched Data Out at Cycle End Allows Two Dimensional Chip Selection 

e Fast Access Time (tRac): 

MCM94256S-70 = 70 ns (Max) 
MCM94256S-80 = 80 ns (Max) 
MCM94256S-10 = 100 ns (Max) 

e Low Active Power Dissipation: 
MCM94256S-70 = 1.32 W (Max) 
MCM94256S-80 = 1.16 W (Max) 
MCM94256S-10 = 1.05 W (Max) 

e Low Standby Power Dissipation: 

TTL Levels = 33 mW (Max) 
CMOS Levels = 16.5 mW (Max) 
e CAS Control for Eight Common I/O Lines 


e CAS Control for Separate I/O Pair | Address Inputs 
Data Input/Output 

Data Input 

Data Output 

Column Address Strobe 

Column Address Strobe 

Row Address Strobe 

Read/Write Input 

Power (+5 V) 
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No Connection 





This document contains information on a product under development. Motorola reserves the right to change or discontinue this product without notice. 
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FUNCTIONAL BLOCK DIAGRAM 


DQ0-DQ3 





DQ4-DQ7 


=| 


A0-A8 
— es 
RAS = 

D8 

CAS8 


Voc 
Vs 


ABSOLUTE MAXIMUM RATINGS (See Note) 










[Symbot | vewe | Unt | 
Power Supply Voltage | veo | -tto+7 =] ov 
Voltage Relative to Vsg for Any Pin Except Vcc 
Data Out Current per DQ Pin 
Power Dissipation | Pp | 26 | wl 


Storage Temperature Range —55 to +125 


NOTE: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are exceeded. 
Functional operation should be restricted to RECOMMENDED OPERATING CONDITIONS. 
Exposure to higher than recommended voltages for extended periods of time could affect 
device reliability. 
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This device contains circuitry to pro- 
tect the inputs against damage due 
to high static voltages or electric 
fields; however, it is advised that nor- 
mal precautions be taken to avoid 
application of any voltage higher 
than maximum rated voltages to this 
high-impedance circuit. 








MCM94256 


DC OPERATING CONDITIONS AND CHARACTERISTICS 
(Voc = 5.0 V + 10%, Ta = 0 to 70°C, Unless Otherwise Noted) 


RECOMMENDED OPERATING CONDITIONS 


Supply Voltage (Operating Voltage Range) V 

vss | 0 | 0 | 
[ogistigh votege. Amps ——=S=~=~“‘“*S*~*~*~rC~S*dY aa “| — | os |v 
[LogicLow Voltage, Allinputs, || 0 | — 













DC CHARACTERISTICS 


To8 
is 


Voc Power Supply Current 
MCM94256-70, tac = 130 ns 
MCM94256-80, tac = 150 ns 
MCM94256-10, tac = 180 ns 


Voc Power Supply Current (Standby) (RAS = CAS = Vj) 


| Voc Power Supply Current During RAS only Refresh Cycle 
MCM94256-70, tac = 130 ns 
MCM94256-80, tac = 150 ns 
MCM94256-10, tac = 180 ns 


Vcc Power Supply Current During Fast Page Mode Cycle 
MCM94256-70, tpc = 40 ns 
MCM94256-80, tpc = 45 ns 
MCM94256-10, tpc = 55 ns 


Vcc Power Supply Current (Standby) (RAS = CAS = Vcc — 0.2 V) 


Voc Power Supply Current During CAS Before RAS Refresh Cycle 
MCM94256-70, tac = 130 ns 
MCM94256-80, tac = 150 ns 
MCM94256-10, tac = 180 ns 


Input Leakage Current (Vss S Vin S Vcc) 
Output Leakage Current (CAS at Logic 1, Vss S$ Vin S$ Voc) 






Parameter 


| Input Capacitance 


Input/Output Capacitance DQO0-DQ7 
Output Capacitance Q8 


NOTES: 
1. All voltages referenced to Vs. 


2. Current is a function of cycle rate and output loading; maximum current is measured at the fastest cycle rate with the output open. 
3. Capacitance measured with a Boonton Meter or effective capacitance calculated from the equation: C = IAVAV. 
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AC OPERATING CONDITIONS AND CHARACTERISTICS 
(Vcc = 5.0 Vt 10%, Ta = 0 to 70°C, Unless Otherwise Noted 


READ AND WRITE CYCLES (See Notes 1, 2, 3, and 4) 


Random Read or Write Cycle Time tRELREL tR 
Page Mode Cycle Time tCELCEL tp 
Access Time from RAS tRELQV tRAC 


Access Time irom CAS tCELQV tCAC = 


Access Time from Column Address tAVQV 
Access Time from Precharge CAS tCEHQV tCPA 


CAS to Output in Low-Z 


Transition Time (Rise and Fall) 
RAS Precharge Time 


0 
jo | 
0 
RAS Pulse Width 
RAS Pulse Width (Fast Page Mode) 
CAS Hold Time 
CAS Pulse Width 
RAS to Column Address Delay Time 
CAS to RAS Precharge Time ltcenreL | tore | 5 | — | Ce 
(Page Mode Cycle Only) 
Row Address Hold Time | trevax | tran | 10 | — | 10 | —~ | 
Column Address Setup Time | tavce. | tasc | 0 | — | — 
Column Address Hold Time tCAH 115 | — | | — | 
ae a 


7 
Column Address Hold Time Referenced | trReL_Ax taR 5 


to RAS 


Column Address to RAS Lead Time tAVREH tRAL 


t 
Output Buffer and Turn-Off Delay tCEHQZ 
trevneL | 


Pro [ — [150 [ — [roof — [me | 5 
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P= [|= | 
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eae fom 
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oe 
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| 60 ee 
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100,000 | 0 | 100,000 | 100 | 100,000 
20 


25 


50 
50 
ns 
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| 50. | 70 ns 
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NOTES: 


1. 
2. 


3. 


-~ Oo GOON 


—_k hk 


12. 


Vil min and Vj, max are reference levels for measuring timing of input signals. Transition times are measured between Vj}j and Vj,. 
An initial pause of 200 us is required after power-up followed by 8 RAS cycles before proper device operation is guaranteed. 


The transition time specification applies for all input signals. In addition to meeting the transition rate specification, all input signals must 
transition between Vj}4 and Vj, (or between Vi and Vij) in a monotonic manner. 


. AC measurements ty = 5.0 ns. 
. The specifications for tac (min) and trwc (min) are used only to indicate cycle time at which proper operation over the full temperature range 


(0°C < Ty S$ 70°C) is assured. 


. Measured with a current load equivalent to 2 TTL (—200 pA, +4 mA) loads and 100 pF with the data output trip points set at Vo} = 2.0 V and 


VoL = 0.8 V. 


. Assumes that tacp S$ tacp (max). 
. Assumes that tacp 2 tacp (max). 
. Assumes that trap 2 trap (max). 


. torr (max) defines the time at which the output achieves the open circuit condition and is not referenced to output voltage levels. 
. Operation within the tacp (max) limit ensures that tRac (max) can be met. tacp (max) is specified as a reference point only; iftRcp is greater 


than the specified trop (max) limit, then access time is controlled exclusively by tcac. 


Operation within the tna p (max) limit ensures that tpac (max) can be met. trap (max) is specified as a reference point only; iftRAp is greater 
than the specified thap (max), then access time is controlled by tag. 
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READ AND WRITE CYCLES (Continued) 





Symbol MCM94256-70 
Parameter Standard 
Read Command Setup Time tWHCEL 


Read Command Hold Time Referenced | tcEHWwx tRCH 
to CAS 
Read Command Hold Time Referenced | treHwx tRRH 
to RAS 
Write Command Hold Time Referenced | tcELWH tWCH 
to CAS 
Write Command Hold Time Reference . | tRELWH 5 
to RAS © 


CAS Setup Time for CAS Before RAS tRELCEL tcsR 
Refresh 

CAS Hold Time for CAS Before RAS tRELCEH tCHR 3 
Refresh | 


CAS Precharge to CAS Active Time tREHCEL 


CAS Precharge Time for CAS Before tCEHCEL tCPT 4 
RAS Counter Test 
CAS Precharge Time ‘| tCEHCEL 10 


NOTES: 
13. Either tary or tacy must be satisfied for a read cycle. 
14. These parameters are reference to CAS leading edge in random write cycles. 
15. Early write only (twos 2 twcs (min)). 
16. twos is not a restrictive operating parameter. It is included in the data sheet as an electrical characteristic only; if twos 2 twcs (min), the 
cycle is an early write cycle and the data out pin will remain open circuit (high impedance) throughout the entire cycle. If this condition is not 
satisfied, the condition of the data out (at access time) is indeterminate. 


MCM94256-80 ; MCM94256—10 
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READ CYCLE 
t a t 
<i RAS RP 
RAS 
Vit — 
'CRP | 
—— VIH- | 
CAS 
~ ‘ASR t a a t 
“= 
ae TASC <> (CAH 
wom SNCs KO SE XKKKRRNKKKRRLE 
'RAH 'RCH 
IRCS tRRH 
mo : TV 
We XXX XXXX 


VOH — KA 
[DATAOUT) y_ HIGH-Z XX VALID DATA 


EARLY WRITE CYCLE 


tRc 
tRAS a— [pp 





- 
VIS oe V/ woe SRRIRAR RARER ARI 
ADDRESSES ic XX) es (xX) SS XX .9,9,9,9,0,0,0.04 XX MANA 
tRAH 'CWL | 
wes aS Le ie 
meee ‘wp 
yy XXX || KKXKXKXXXXXHKX 
'RWL 

'WoR 


Ips je [~<t 'DH 
- ViH — 
DATA) y, — KXXXXXXXAXA_vauoara_ KX KKK XXKKK KKK AKA 
|/~———— 'pHR ) 
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FAST PAGE MODE READ CYCLE 










t t 
ee | RASP pebad RP 
RAS - 

ViL — 
t at 
torp CAS CPN 
t ry 
Pe reas Ea ee CP an T 
CAS 


VIL : taR A Y 
tasc-| tasC 


| | as ae 
A 
'ASR ICAH tCAH Le 'CAH 


ViH — 
ADDRESSES acs 6 RR Co ee oe. 6 erly re KYXYXXKXX 
'RAH an 
Tepes te 
Ng ARK 


'RAD 
tRos 
VIH — : 


W VVVVVVVVY¥ 
: Vii- Q MA [VV OY 





'RAC 
VOH — 
DQ0-DQ7 EVA VALID Vy VALID X_ HAA VALID 
(DATA OUT) y _ ae ae FAX bata) 
lOFF 'OFF lOFF 
'CLz 'cLz 'CLZ 
FAST PAGE MODE WRITE CYCLE (EARLY WRITE) 
t t 
Vite RASP adaal 
RAS 


ICRP | 
hn NF RY 
nn Mort , Mt tage o| ‘ 





CAS 
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'DHR 


MOTOROLA MEMORY DATA 


3-114 


MCM94256 


RAS ONLY REFRESH CYCLE 
(W and A& are Don’t Care) 


tRC 
tRaAS trp 
RAS 





tcRP ry (RPC 
—_._-~VIH — : 
i / 
Vit as 






XKXXX 


XXXXAAXAMKAMAX 





VIH — 
ow KO ails KRRKERK 


VOH — 
DQ0-DQ7 Pe ee eee eet Tc 
DATA OUT 
( ) VoL 


CAS BEFORE RAS REFRESH CYCLE 
(W and AO to A8 are Don’t Care) 


tRC 
tRAS tRP 
— VIH—- 
RAS : 
VIL — 
tRPC 
tCSR ‘aie 
tCPN acral 
_— VIH- 
CAS 
Vit — 
‘OFF 
pao-paq7 VOH — aie 
(DATA OUT) ‘ 
OL - 
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HIDDEN REFRESH CYCLE (READ) 


3 tro tRAS 

Vane -tRAS————>| |< 'RP 
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ViL — 

tcRP {CPN 
| 'RCOD tRSH ‘CHR 
—_— VIH—- 
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Vip — ; 
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(OATAOUT) yo _ Xm VALID DATA ) 


tcL7z—> 


HIDDEN REFRESH CYCLE (WRITE) 
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CAS BEFORE RAS REFRESH COUNTER TEST CYCLE 


tRAS tr 
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DEVICE INITIALIZATION 


On power-up an initial pause of 200 microseconds is re- 
quired for the internal substrate generator pump to establish 
the correct bias voltage. This is to be followed by a minimum of 
eight active cycles of the row address strobe (clock) to initial- 
ize the various dynamic nodes internal to the device. During 
an extended inactive state of the device (greater than 4 milli- 


seconds with device powered up), the wake up sequence (8. 


active cycles) will be necessary to assure proper device oper- 
ation. 


ADDRESSING THE RAM 


The nine address bus pins on the device are time multi- 
plexed with two separate 9-bit address fields that are strobed 
at the beginning of the memory cycle by two clocks (active 
negative) called the row address strobe (RAS) andthe column 
address strobe (CAS). A total of eighteen address bits will de- 
code one of the 262, 144 byte locations in the device. The col- 
umn address strobe follows the row address strobe by a spe- 
cified minimum and maximum time called “tRcop,” which is 
the row to column strobe delay. This time interval is also re- 
ferred to as the multiplex window which gives flexibility to a 
system designer to set up the external addresses into the 
RAM. These conditions have to be met for normal read or 
write cycles. This initial portion of the cycle accomplishes the 
normal addressing of the device. There are, however, other 
variations in addressing the module: the refresh modes (RAS 
only refresh, CAS before RAS refresh, hidden refresh), and 
another mode called page mode, which allows the user to col- 
umn access the 512 bits within a selected row. The refresh 
mode and page mode operations are described in more detail 
in later sections. 


READ CYCLE 


Aread cycle is referred to as a normal read cycle to differ- 
entiate it from a page mode read cycle, which is covered in a 
later section. 

The memory read cycle begins with the row addresses val- 
id and the RAS clock transitioning from Vj4 to the V,_ level. 
The CAS clock must also make a transition from Vj} to the Vj,_ 
level at the specified tacp timing limits when the column ad- 
dresses are latched. Both the RAS and CAS clocks trigger a 
sequence of events which are controlled by several delayed 
internal clocks. Also, these clocks are linked in such a manner 
that the access time of the device is independent of the ad- 
dress multiplex window. The only stipulation is that the CAS 
clock must be active before or at the tacp maximum specifi- 
cation for an access (data valid) from the RAS clock edge to 
be guaranteed (trac). If the thcp maximum condition is not 
met, the access (tcc) from the CAS clock active transition 
will determine read access time. The external CAS signal is 
ignored until an internal RAS signal is available. This gating 
feature on the CAS clock will allow the external CAS signal to 
become active as soon as the row address hold time (tRAH) 
specification has been met and defines the tacp minimum 
specification. The time difference between trop minimum 
and tRcp maximum can be used to absorb skew delays in 


switching the address bus from row to column addresses and 
in generating the CAS clock. 

Once the clocks have become active, they must stay active 
for the minimum (tras) period for the RAS clock and the mini- 
mum (tc,s) period for the CAS clock. The RAS clock must 
stay inactive for the minimum (trp) time. The former is for the 
competion of the cycle in progress, and the latter is for the de- 
vice internal circuitry to be precharged for the next active 
cycle. 

Data outis not latched andis valid as long as the CAS clock 
is active; the output will switch to the three-state mode when 
the CAS clock goes inactive. To perform aread cycle, the write 
(W) input must be held at the Vj} level from the time the CAS 
clock makes its active transition (tRos) to the time when it 
transitions into the inactive (tRCcH) mode. 


WRITE CYCLE 


A write cycle is similar to a read cycle except that the write 
(W) clock must go active (Vj) level) at or before the CAS clock 
goes active ata minimum twcs time. If the above condition is 
met, then the cycle in progress is referred to as an early write 
cycle. In an early write cycle, the write clock and the datain are 
referenced to the active transition of the CAS clock edge. 
There are two important parameters with respect to the write 
cycle: the column strobe to write lead time (tc yy) and the row 
strobe to write lead time (try). These define the minimum 
time that RAS and CAS clocks need to be active after the write 
operation has started (W clock at Vj,_ level). 


PAGE-MODE CYCLES 


Page mode operation allows fast successive data opera- 
tions at all 512 column locations on a selected row. Page ac- 
cess (tC,c) is typically half the regular RAS clock access 
(tRAC) on the Motorola 1M dynamic RAM. Page mode opera- 
tion consists of holding the RAS clock active while cycling the 
CAS clock to access the column locations determined by the 
9-bit column address field. 

The page cycle is always initiated with a row address being 
provided and latched by the RAS clock, followed by the col- 
umn address and CAS clock. From the timing illustrated, the 
initial cycle is a normal read or write cycle, that has been pre- 
viously described, followed by the shorter CAS cycles (tpc). 
The CAS cycle time (tp) consists of the CAS clock active 
time (tcas), and CAS clock precharge time (tcp) and two 
transitions. In practice, any combination of read and write 
cycles can be performed to suit a particular application. 


REFRESH CYCLES 


The dynamic RAM design is based on capacitor charge 
storage for each bit in the array. This charge will tend to de- 
grade with time and temperature. Therefore, to retain the cor- 
rect information, the module needs to be refreshed at least 
once every 8 milliseconds. This is accomplished by sequen- 
tially cycling through the 512 row address locations every 8 
milliseconds (i.e., at least one row every 15.6 microseconds). 
Anormal read or write operation to the module will also refresh 
all the bytes associated with the particular row(s) decoded. 
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RAS-Only Refresh 


In this refresh method, the system must perform a 
RAS-only cycle on 512 row addresses every 8 milliseconds. 
The row addresses are latched in with the RAS clock, and the 
associated internal row locations are refreshed. As the 
heading implies, the CAS clock is not required and must be 
inactive or ata Vj} level. 


CAS Before RAS Refresh 


This refresh cycle is initiated when RAS falls, after CAS 
has been low (by tcsp). This activates the internal refresh 
counter which generates the row address to be refreshed. Ex- 
ternally applied addresses are ignored during the automatic 
refresh cycle. If the output buffer was off before the automatic 
refresh cycle, the output will stay in the high impedance state. 
lf the output was enabled by CAS in the previous cycle, the 
data out will be maintained during the automatic refresh cycle 
as long as CAS is held active (hidden refresh). 


Hidden Refresh 


The hidden refresh method allows refresh cycles to be per- 
formed while maintaining valid data at the output pin. Hidden 
refresh is performed by holding CAS at Vj, and taking RAS 


MEMORY CYCLE 







RAS 


CAS 


DQ0-DQ7 — HIGH-Z 





= 


VALID DATA-OUT 


high and after a specified precharge period (trp), executing a 


CAS before RAS refresh cycle. (See Figure 1.) 


CAS BEFORE RAS REFRESH COUNTER TEST 

The internal refresh counter of this device can be tested 
with a CAS before RAS refresh counter test. This refresh 
counter test is performed with read and write operations. Dur- 
ing this test, the internal refresh counter generates the row ad- 
dress, while the external address input supplies the column 
address. The entire array is refreshed after 512 test cycles, as 
indicated by the check data written in each row. See CAS be- 
fore RAS refresh counter test cycle timing diagram. 

The test can be performed only after a minimum of 8 CAS 
before RAS initialization cycles. The test procedure is as fol- 
lows: 


—_— 


. Write “O”s into all memory cells (normal write mode). 

2. Select a column address, and read “0” out of the cell by 
performing CAS before RAS refresh counter test, read 
cycle. Repeat this operation 512 times. 

3. Selecta column address, and write “1” into the cell by per- 
forming CAS before RAS refresh counter test, write 
cycle. Repeat this operation 512 times. 

4. Read “1”s (normal read mode), which were written at step 
3. 

5. Repeat steps 1 to 4 using complement data. 


REFRESH CYCLE REFRESH CYCLE 





Figure 1. Hidden Refresh Cycle 





ORDERING INFORMATION 
(Order by Full Part Number) 


MCM 94256 4 XX 


a Speed (70 = 70 ns, 80 = 80 ns, 10 = 100 ns) 


Package (S = SIMM) | 


Motorola Memory Prefix 


Part Number 


Full Part Number — MCM94256S70 
MCM94256S80 
MCM94256S10 
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DUAL PORT VIDEO RAMs 


Motorola Address Operating 
Organi- Part Access Time] Current Package 
zation Number ns Max mA Max ea CL tions 


| TM |_ 288 Kx4 I MCM524 2584 100/120 140/150 28,28 |(Z)IP,SOWJ) 
128Kx8 |MCM528128A 100/120 140/150 40, 40 PDIP, (Z)IP, SO(J 
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TECHNICAL DATA 





MCM524258A 


Product Preview 
256K x 4 CMOS Multiport Video 
RAM Page Mode 


The MCM524258A is a CMOS multiport video RAM. It is organized as a 262,144 by 
4-bit word dynamic random access memory (RAM) port with a 512 by 4-bit word static, 
serial access, memory (SAM) port. The MCM524258A is flexible, offering: random read 
and write to the RAM port, high-speed read and write to the SAM port, and bidirectional 
transter of data between the RAM and SAM. The RAM and SAM ports can be accessed 
independently, except during data transfer operations between the RAM and SAM. Special 
features of the MCM524258A include Page Mode, Flash Write, Block Write, and Write per 
Bit on the RAM port, and Split Register Data Transfer on the SAM port. The MCM524258A 
is fabricated with a 1.0 u CMOS silicon gate process, which provides fast access times, 
low power dissipation, and wide operating margins. 

e Organization: e SAM Port: 
RAM Port 256K x 4 Bits Split Register Data Transfer 
SAM Port 512 x 4 Bits Static Register, No Refresh Required 


J PACKAGE 
400 MIL SOJ 
CASE 810 





Z PACKAGE 
PLASTIC 
ZIG-ZAG IN-LINE 
CASE TBD 












e RAM Port: 512 Tap Locations 
Page Mode, Block Write, Flash Write, Fast Access Time (tsca): 
Write Per Bit MCM524258A-10 = 25 ns (Max) 


512 Cycle, 8 Millisecond Refresh PIN ASSIGNMENTS 
RAS Only Refresh 
CAS Before RAS Refresh 


Hidden Refresh 


MCM524258A-12 = 35 ns (Max) 
Low Serial Cycle Time (tgcc): 

MCM524258A-10 = 30 ns (Min) 

MCM524258A-12 = 40 ns (Min) 


400 MIL ZIP 


Three-State Data Outputs e RAM — SAM Bidirectional Transfer: 


TTL Compatible Inputs and Outputs 
Fast Access Time (trac): 
MCM524258A-10 = 100 ns (Max) 


Read and Write 
Real Time Read 
Split Read/Write 








MCM524258A-12 = 120 ns (Max) 
Low Active Power Dissipation 
(Max, SAM Standby): 

MCM524258A-10 = 110 mA 

MCM524258A-12 = 100 mA 
Low Standby Power Dissipation 
(Max, SAM Standby): 

MCM524258A-10 = 10 mA 

MCM524258A-12 = 10 mA 





400 MIL SOU 


Address Inputs 

Row Address Strobe 
Column Address Strobe 
Data Transfer/Output Enable 
Write Per Bit/Write Enable 
Special Function Control 
RAM Write Mask/ 

RAM Input-Output 

Serial Clock 

Serial RAM Enable 

SAM Input-Output 
Output Split Register 
Power (+ 5 V) 

Ground 

No Connect 





All power supply and ground pins must be 
connected for proper operation of the device. 


This document contains information on a product under development. Motorola reserves the right to change or discontinue this product without notice. 
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BLOCK DIAGRAM 
DQ0-DA3 ~ §DQ0-SDQ3 





SERIAL OUTPUT | SERIAL INPUT 
BUFFER BUFFER 
; 
4 5 








BLOCK 
WRITE 
CONTROL 


FLASH REGISTER 
WRITE (4 BITS) 
4 CONTROL 


WM1 
WRITE WRITE-PER rset 
REGISTER (4 
saul | (4 BITS) 
TRANSFER cesar 
CONTROL 
& 



































LECTOR 


ae 
ai 
V7 


SERIAL 


TR.GATE | | TR.GATE Coes 


LOWER SAM 


== as a it ia 
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CUTTTTT 512% FTE 


ROW DECODER 


SERIAL ADDRESS COUNTER (9 BITS) 


| COLUMN ADDRESS ROW ADDRESS Gs REFRESH 
BUFFER (9 BITS) BUFFER (9 BITS) COUNTER 





SUBSTRATE BIAS 
GENERATOR 


AO = A8 
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| MCM528128A 


Product Preview 
128K x 8 CMOS Multiport Video 
RAM Page Mode 


The MCM528128A is a CMOS multiport video RAM. It is organized as a 131,072 by P PACKAGE 
8-bit word dynamic random access memory (RAM) port with a 256 by 8-bit word static, See aoa 


serial access, memory (SAM) port. The MCM528128A is flexible, offering: random read 
and write to the RAM port, high-speed read and write to the SAM port, and bidirectional 
transfer of data between the RAM and SAM. The RAM and SAM ports can be accessed 
independently, except during data transfer operations between the RAM and SAM. Special 
features of the MCM528128A include Page Mode, Flash Write, Block Write, and Write per 
Bit on the RAM port, and Split Register Data Transfer on the SAM port. The MCM528128A 
is fabricated with a 1.0 p CMOS silicon gate process, which provides fast access times, rib haerg 
low power dissipation, and wide operating margins. CASE TBD 
e Organization: 
RAM Port 128K x 8 Bits 
SAM Port 256 x 8 Bits 


e RAM Port: 

Page Mode, Block Write, Flash Write, Write Per Bit 

512 Cycle, 8 Millisecond Refresh 

RAS Only Refresh 

CAS Before RAS Refresh 

Hidden Refresh 

Three-State Data Outputs 

TTL Compatible Inputs and Outputs 

Fast Access Time (trac): 
MCM528128A-10 = 100 ns (Max) 
MCM528128A-12 = 120 ns (Max) 

Low Active Power Dissipation (Max, SAM Standby): 
MCM528128A-10 = 110 mA 
MCM521288A-12 = 100 mA 

Low Standby Power Dissipation (Max, SAM Standby): 
MCM528128A-10 = 10 mA 
MCM528128A-12 = 10 mA 


+ SAM Port 


Split Register Data Transfer Address Inputs 





PIN ASSIGNMENT 


Static Register, No Refresh Required RAS Row Address Strobe 
256 Tap Locations Column Address Strobe 
Fast Access Time (tgca): Data Transfer/Output Enable 
MCM528128A-10 = 25 ns (Max) Write Per Bit/Write Enable 
MCM528128A-12 = 35 ns (Max) FC ocd) 
Low Serial Cycle Time (tscc): RAM Input-Output 
MCM528128A-10 = 30 ns (Min) Serial Clock 
MCM521288A-12 = 40 ns (Min) etree lee 
eee : nput—Outpu 
e RAM-—SAM Bidirectional Transfer: Output Split Register 
Read and Write Voc1, Voc2 Power (+ 5 V) 
Real Time Read Sst Vss2 
N 





Split Read/Write No Connect 


All power supply and ground pins must be 
connected for proper operation of the device. 


This document contains information on a product under development. Motorola reserves the right to change or discontinue this product without notice. 
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BLOCK DIAGRAM 
DQ0-DQ7 SDQ0-SDQ7 


OUTPUT BUFFER INPUT BUFFER 
















BLOCK 
WRITE 
CONTROL 








COLOR 
REGISTER 
(8 BITS) 





FLASH 
WRITE 
CONTROL 








WM 
REGISTER K 8 
(8 BITS) 


TRANSFER ! 
CONTROL 
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Ca 
/ 
LD 
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ROW DECODER 


as a 0 ose 
|| 


SERIAL ADDRESS COUNTER (8 BITS) 


COLUMN ADDRESS ROW ADDRESS aes REFRESH 
BUFFER (8 BITS) BUFFER (9 BITS) COUNTER 
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PSEUDO STATIC RAMs (HCMOS unless otherwise noted 
Motorola 





Organi- 
zation 
128Kx8 
Pseudo 
SRAM 























Address 
Part Access Time 
Number 


Operating 
Current 
mA Max 






Pin 
Count Packaging 


ns Max 
IMCMS18128 | 100s} 60 | 32 (PDIP, (F)&(SF)SOG _ 
IMcM518129_ | 100 | 60] 82 (FSOG 
IMCMSiLe129_ | ~—80/100_—||— 70/60 | 32 ~|(FSOG 
IMCMSiLvsi29 | so/too | 70/60 | 32 |(FSOG 
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MOTOROLA 


a SEMICONDUCTOR 
TECHNICAL DATA 





MCM518128 


128K x8 Bit CMOS Pseudo Static MCM51L8128 
NMICM51LV8128 


Random Access Memory 


The MCM518128 is a 1,048,576 bit low-power pseudo-static random access memory or- 
ganized as 131,072 words of 8 bits, fabricated using 1.0 um silicon-gate advanced CMOS 
process technology. The MCM518128 family products utilize one-transistor dynamic stor- 
age cells and direct static addresses to achieve high density and fast access time. The 
advanced CMOS circuit design reduces power consumption and provides greater reliabil- 
ity. The data retention mode allows for very low power with battery backup in lap-top 
applications. P PACKAGE 
The refresh input (F) allows two types of refresh application—auto refresh and self _ 600 MIL PLASTIC DIP 
refresh. The MCM518128 is pin compatible with the 128K x 8 SRAM JEDEC pinout and CASE 850 
offers a low cost alternative to 1M SRAMs and a simpler design for DRAM memory 


applications. 


The MCM518128 is available in a 600 mil, 32 pin plastic dual-in-line package and in - 
a narrow 32 lead plastic small outline package. SS SF PACKAGE 


Single 5 V Supply + 10% 330 MIL SOG 

128K x 8 Bit Memory Organization CASE 854 

Low Power Dissipation—385 mW (Maximum Active) 

TTL Compatible Inputs and Outputs 

Battery Backup Capability from 4.5 V to 5.5 V (3.0 V to 5.5 V with MCM51LV8128) 

Low Standby Current 200 nA (Maximum) with MCM51L8128 and MCM51LV8128 PIN ASSIGNMENT 

Auto Refresh Power Down Function 

512 Refresh Cycles/8 ms 

Auto Refresh is Executed by Internal Counter 

Self Refresh is Executed by Internal Timer 

Pin Compatible with 1M SRAM JEDEC Pinout 

Three State Outputs 

Fast Access Times: MCM51L8128-80/ MCM51LV8128-80 = 80 ns (Max) 
MCM518128-10/MCM51L8128-10/ MCM51LV8128-10 = 100 ns (Max) 


8 COLUMN 

¢ y DECODER 

SENSE AMP. 

oem E 10 GATE 
ADDRESS 


BUFFER (8) ©o0 e256x8ee0 


MEMORY ARRAY 
(512 x 256 x 8) 


oo nvrvri oO &§ &D YY —= 
















DATA INPUT 
BUFFER (8) 







~ 0Q0-DQ7 











DATA OUTPUT 
BUFFER (8) 












REFRESH 
CONTROLLER al Address Input 
Write Enable 
Chip Enable 


Output Enable 





Refresh Input 
Data Input/Output 
Power Supply 
Ground 
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TRUTH TABLE . 

This device contains circuitry to protect the 
inputs against damage due to high static 
voltages or electric fields; however, it is ad- 


vised that normal precautions be taken to 

avoid application of any voltage higher than 

maximum rated voltages to this high- 
impedance circuit. 


[Self Refresh 


L=Vi_  H=Vin X=don'tcare ~Vfil/}=Toggle H/L=Vjy or Vj,, but must not toggle 
*The Read and Write operations effectively perform a CE Only Refresh of the row being addressed. 





**1CCF1 or ICCF2 depending on input voltage levels (see DC Characteristics). 
***Igp1 or Isgg depending on input voltage levels (see DC Characteristics). 





ABSOLUTE MAXIMUM RATINGS (See Note) 


| Rating | Symbol | Value | Unit 
[Power Dissipation | P| 00m 
| Tsolder | 260-10 | °Cs_ 






NOTE: 

Permanent device damage may occur if AB- 
SOLUTE MAXIMUM RATINGS are ex- 
ceeded. Functional operation should be 
restricted to RECOMMENDED OPERATING 
CONDITIONS. Exposure to higher than rec- 
ommended voltages for extended periods 
of time could affect device reliability. 








m 
Tooter | 200-10 | °c 
[Short Gieuit Output Curent = tot | Sd 


DC OPERATING CONDITIONS AND CHARACTERISTICS 
(Vcc=5.0 V + 10%, Ta =0 to 70°C, Unless Otherwise Noted) 


RECOMMENDED OPERATING CONDITIONS 


Supply Vakage (Operating Votage Range) ———=~S~SVce =| ts | sf | 
OY 
tat Low votage SSCS Yt | |e 


NOTE: All voltages are referenced to GND. 















DC CHARACTERISTICS 


PSS ParameterSSSSSC~*dCS mbt [Min | typ | Me] Uni | 
input Leakage Current (Al inputs, Vin=Oto Veg) Sd tng | = 100 | - | 100 | ya | 


Output Leakage Current (ET=Vj} or E2=Vi_, G=Viy or W=VjL, 
Vout =0 to Vcc) 














Operating Current (E1 = Vj, and E2= Vj}, Address 
Cycling, thc =trc min) tRc = 160 ns 


Standby Current (ET =Vjy or E2=Vi_, F=Viy) MCM518128 

MCM51L8128/MCM51LV8128 
Standby Current (E1=>Vcc —0.2 V or E2<0.2 V, MCM518128 mA 
F2Vcc-0.2 V) MCMS51L8128/MCM51LV8128 pA 


Self Refresh Current (ET=Vjyj or E2=Vii, F=Vip) MCM518128 ICCF1 
(Average Current) MCM51L8128/ MCM51LV8128 


Self Refresh Current (Ei =Vcc—0.2 V or E2<0.2 V, MCM518128 | iccr2** 
F<0.2 V) (Average Current) MCM51L8128/MCM51LV8128 


Auto Refresh Current (Average Current) (F Toggling, tec = tec min) ICCF3 


Output Low Voltage (Io, =4.2 mA) 
Output High Voltage (Ig}y = — 5.0 mA) 
*Icca depends on cycle rate and output loading. Specified values are obtained with the output open. 


**In the standby and self refresh modes with E1=Vcc —0.2 V, these limits are guaranteed when E22Vcc — 0.2 V or E2<0.2 V. Conversely, 
if the device is disabled with E2<0.2 V, these limits are guaranteed when ET =Vcc — 0.2 V or E17 <0.2 V. 
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CAPACITANCE (f=1 MHz, Ta =25°C, Vcc =5 V, Periodically Sampled Rather Than 100% Tested) 


Symbol 


Input Capacitance 





Output Capacitance DQ0-DQ7 


AC OPERATING CONDITIONS AND CHARACTERISTICS 
(Vcc =5.0 V +10%, Ta =0 to 70°C, Unless Otherwise Noted) 


Input Pulse Levels .............. 0000005 0.6 V, 2.6 V Output Timing Measurement Reference Levels. ... . 0.8 and 2.2 V 
input Rise/Fall Time... ....... 2.000. ee ee ee eee 5 ns Output Load. ............20000. 2 TTL Loads and 100 pF 
Input Timing Measurement Reference Levels. .... . 0.8 and 2.4 V 


READ, WRITE, AND READ-MODIFY-WRITE CYCLES 
(An initial pause of 100 xs with high E7 or low E2 is required after power-up, before proper device operation is achieved.) 


Symbol 
Parameter 


aa ae 
fel neay Wasoaetns 2 event en) es 
[Chip Enable Pulse Wath ———=S~S~stuzn tc | 8 | 
[Chip Enable Precharge Time ——S~S~s teen | te | 
ae 
ese 
=— 
aca 























MCM51L8128-80 | MCM518128-10 


28-89 | MCMB51L8128-10 
sateen MCM51LV8128-10 





[Output Enable Access Time —————*d—tcuay | toca 
eR a 
Se a 
[S Disab to Ouputin High? ‘| ‘enaz | tonz | 0 
Writ Enable to Output in High | _wuar | twuz | 0 
[S ouput Disable SetUp Time +d tues | tons | 0 | 
a A 
[Read Command Set Up Time ————~—~S*d twist | tres | 0 | 
0 
—e 
0 
CT 


as 


2 (6 
g 


= 9 
RR 
= 


NOTES: (Continued) 
1. Chip is Enabled only when €1 is set low and E2 is set high. 


ET 3 
E 
E2 
The start of a memory cycle is determined by the latter of E1 going low or E2 going high (E going low), and the end of the memory cycle 
is determined by the earlier of ET going high or E2 going low (E going high). The PSRAM is a synchronous RAM, and therefore a memory 


access cycle will always be started at the falling edge of E. The PSRAM will go into the standby mode when E is held high. 
2. The timings, tcg (min) and tcg (max), must be kept for proper device operation as follows. 


Vin - _ H- 
E1 
Vit - Vit - 
tce 
Vin - Vin ~ 
F2 iH 
Vit - Vit - 


3. tcHz, toHz, tWHz define the time at which the output achieves the open circuit condition and is not referenced to output voltage levels. 
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MCM518128e MCM51L8128e MCM51LV8128 


READ, WRITE, AND READ-MODIFY-WRITE CYCLES 
(An initial pause of 100 us with high E7 or low E2 is required after power-up, before proper device operation is achieved.) 


MCM518128-10 
MCM51L8128-10 
MCM51LV8128-10 


MCM51L8128-80 
Parameter . MCM51LV8128-80 


Data Set-Up Time from W 


Data Set-Up Time from CE 
Data Hold Time from W 
Data Hold Time from CE | 
Address Set-Up Time 
Address Hold Time 
Auto Refresh Cycle Time | 

| treo | 


F Delay Time from CE 

F Pulse Width (Auto Refresh) 

F Precharge Time | tenet | tere | 

F Command Hold Time 

F Pulse Width (Self Refresh) 

CE Delay Time from F (Self Refresh) | truer | ters | 
| tREF 


Refresh Period (512 Cycle AO to A8) 


| Rr 
E2 Low Set-Up Time 


E2 Low Hold Time | te1HE2H | 
Transition Time (Rise and Fall) tT 


NOTES: 
4. In write cycle, the input data is latched at the earlier of W or E7 rising edge and E2 falling edge. Therefore the input data must be valid 
during set-up time (tpsw or tpsc) and hold time (tpHw or tpHc)- 
5. All address inputs are latched at the falling edge of E1 and the rising edge of E2. Therefore all the address inputs must be valid during tasc 
and taHc. 
6. Two refresh operations—auto refresh and self refresh are defined by the F pulse width under the condition of ET = Vij or E2=ViL: 
Auto refresh: F pulse width <tgap (max). 
Self refresh: F pulse width=tgas (min). 
The timing parameter (teRs) must be kept for proper device operation in the following conditions: 
a. After self refresh. 
b. In case F=Vj,_ after power-up. 
7. When switching disable controls, the timings tces and tcEy must be kept for proper device operation as follows: 





mH OW 7 Vin 


E2 E2 
Vit Vit 


tcES tCEH 
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DATA RETENTION CHARACTERISTICS (T, =0~70°C) (MCM51LV8128 Only) 


Data Retention Supply Voltage 


VprR=3.0 V 


Self Refresh Current 
(Average Current) 


| Symbol _| 
| rec 


VprR=5.5 V 





*The falling slope of Vcc must be more than 50 ms in order to operate the device safely. (20 ms/V) 


* 
Voc 


45 Vm a 


tRFD 
0 ns MIN 


Vin 
| 
Vit 
E2>Vec—0.2 V OR E2<0.2 V 
OR 
ViH 


a, 
E12=Vec— 0.2 V OR E1<0.2 V 


NOTES: 
1. G, W, AO-A16=Don't Care. | 
- ICCF1 is applied in F=Vy_ max, E1=Viy min, E2= Vi, max. 


Vee VDR sees ee we ee ee ees a i i 


DATA RETENTION MODE 





2Vcc—0.2 V 









2 
3. Data Retention is a special case of the Self Refresh mode. All modes other than the Self Refresh mode require Auto Refresh or CE Only 


Refresh with 512 cycles/8 ms. 


4. Enter the Self Refresh mode before dropping Vcc below 4.5 V for Data Retention mode. 


The Motorola MCM51LV8128 pseudo static RAM has data 
retention capability at a VCc level as low as three volts. This 
is particularly useful with battery backup applications. While 
in the data retention mode the pseudo static RAM will draw 
no more than 100 microamps of current at 3 V Vcc in the 
temperature range from 0°C to 70°C. The data retention mode 
of the pseudo static RAM is basically a self refresh mode where 
each row in the memory array is automatically refreshed at 


periodic intervals by on-chip refresh control circuitry. The 
pseudo static RAM will enter self refresh mode eight micro- 
seconds after the refresh pin makes a transition from high to 
low while the device is in standby mode. Under these con- 
ditions the device will remain in self refresh mode until either 
brought out of standby mode or until the refresh pin is clocked 
high. 
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MCM518128e MCM51L8128e MCM51LV8128 


— Vin- 


E2 


AO-A16 


DQ0-DQ7 


vi 


~ READ CYCLE 
tRC 
se bet Ws 
Vit - a, | 
Vin —- 
Vit — 


tasc taHC 


mK tomes KXXKAXKXAX KAY 


Yiu — 
“TTA a 
ea iT i 


Vin — 
Vit ~ 
Vou — i 





tCHz 
touz 
VoL g Be ( DATA OUT » 
ters to.z—3 | 
by tric —»| tRFD 
tCLz tFp 


<_ yk 


NOTE: The device can be operated with clocking “E1” (or E2) pin only provided that “E2” (or E1) is connected to Viy (or Vii) i :vel. 


A read cycle is initiated by E and G going low during the of G and tc}z from the rising edge of E. All address inputs 
same cycle while the W signal is held high. Valid data will be are latched at the falling edge of E, therefore, all the address 
output after a delay of tcEA from the falling edge of E and a inputs must be valid during address setup and address hold 
delay of tog, from the falling edge of G. The data will remain times tasc and taHc. 
valid on the outputs for the time toHz from the rising edge 
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WRITE CYCLE 1 





(G Fixed High) 
tre 
Be <<? 
eg VIH- 
Vit — — 4 . | 
an TOON ves KXXXXXKKKXXARKN 


toDH 





=| 


i ais 
~ ViH- 
Vit ~ 
Vin — 
Mt cae aan 
Vig — 
oa {wn b4 


ViL — 


tFRS 


Vin —- 
Vit — 


nm 





NOTE: The device can be operated with clocking “E1” (or E2) pin only provided that “‘E2’’ (or E1) is connected to Vip (or Vj:) level. 


A write cycle is initiated when both E and W go low during whichever occurs first. Therefore, the input data must be valid 
the same cycle. The write operation is terminated with the during data setup and data hold times tosw/tpsc and 
input data being latched at the rising edge of either E or W, toHW/tDHC. 
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Mm 
— 


AO-A16 


Gt 


=| 


DO-D7 


Q0-07 


wv 


_ ViH- 
a 
Vin - 
Vit ~ { 


WRITE CYCLE 2 
(G Clock) 


tre 
cE tp 


tASC 


Hse KKK XERKKRKEXKELKX KERR 
ae | i, Ts: ea i 
St 





Mt TT fi | 
1 __} tose 
fait tDHW 
DHC 
- 9 fat fara | 
—— 
7 tCHZ 
va a UXXXXXAD 
tFRS ‘RFD 
tRHC trp 


ViH — 
Mit - i 


NOTE: The device can be operated with clocking ““E1” (or E2) pin only provided that ‘“E2” (or E1) is connected to Vjy (or Vj) level. 
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WRITE CYCLE 3 
(G Fixed Low) 


IRC 
tCE tp 


— Vin- 

ET Vy — 
Vin - 

E 
Vit — 4 


| 
wan TRIN mee KKK KK KK AKA RAX ERE 


—_ 





i) 





o>! 
= 
— 
| 
Longs 
x 
rr) 
” 


J 
i 
| 


tose 
'DHC 
00-07 yp § ee eee ee 
tCLz tosw 
tWHZ a toHW 
twiz tCHZ 
ny WOH VY VY YY YY YY XY YY 
mee NO XX XX) XXX XX AY 
tFRS tRFD 
tRHC oF 
ee 


nu 


ie : ese 
Vit — / \ | 
trp 


NOTE: The device can be operated with clocking “‘E1” (or E2) pin only provided that E2” (or E1) is connected to Vip (or Vj:) level. 
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READ MODIFY WRITE CYCLE 


tRMW 
tcE inal 'P 
IlH— | 
Ty | 
Vin - 
ae 
. taHC 


Moai yn XX OC KXXXXXX comin 


~ ViH- 
Vit — 


Vin - 
Vi - 4 
tosw 
oe | 
DHC 
Vin — 
Do-07 yr {wre w F oaTA IN 
, tWHZ tcnz 
tonz mal z 
oe . 
ao-o7 ,o4 aaa [pata our | OUT TX p 


VoL — 








tRFD 
trp 





ViH - 
Vit — 


be x || 


NOTE: The device can be operated with clocking ““E1” (or E2) pin only provided that “E2” (or E1) is connected to Vij (or Vj,) level. 
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CHIP ENABLE ONLY REFRESH 
(A9-A16 = Don’t Care) 


nn eee 


tCE 
ow 
E2 a | 
tasc 
wan a XX) _ rata eo xX axe 
tops toDH 
6 





Vin — a 
ViL — 
tRCS tRCH 


— ViH- 
Wow | 
Vou — 
pdg0-DQ7 VoL _ 
tFRS 


- VH- 
ae i a a 
t 


NOTE: The device can be operated with clocking ““E1’’ (or E2) pin only provided that “E2” (or E1) 
is connected to Vj} (or Vj,) level. 


The chip enable only refresh is similar to the RAS-only re- performing a memory cycle at each of the 512 rows (defined 
fresh of a DRAM. This type of refresh is accomplished by by A0-A8) within the specified refresh period. 
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AUTO REFRESH 


(G, W, A0-A16 = Don't Care) 


an Vin pa 
Vit — 


Vin - 


E2 Vit — 


OR 


— YIH- 
Vit — 


Vin - 


E2 
ViL — 


- ViH- 
Vit- 


p00-p07 Hal - 
OL 


XRXXKXXERENY 








NOTE: During an auto refresh, an internal row address counter is incremented at the falling edge 
of F, and a new row is refreshed. This diagram shows F toggling twice, thus refreshing 


2 rows. 


The auto refresh is similar to the CAS-before-RAS refresh 
of a DRAM. When the F signal is clocked while E is high, the 
internal refresh counter and on-chip refresh circuitry are en- 
abled and an internal refresh operation takes place. Each time 


the F signal is clocked (as specified and with E high), a 


subsequent row is refreshed and the internal refresh address 
counter is automatically incremented in preparation for the 
next auto refresh cycle. Note that the auto refresh F pulse 
width (tgp) must be more than 30 ns and less than 8 ys for 
this type of refresh operation to properly take place. 
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SELF REFRESH 
(G, W, AO-A16 = Don’t Care) 


— VinK- 
E1 Vit — 


2 XXKXX 


OR 


ae XK 


| 
Via = 
E2 Vk 
RFD >=tas "RHC 


- Vin- 
F ViL — 


tep as 
1) Ae 
Da0-DQ7 OPEN 
VoL — 


NOTE: In the self refresh mode, after F has been held low for teas, an internal timer will refresh 
a new row approximately every 150 ys. Due to the long period of this method of refresh, 
it is recommended that self refresh only be used for extremely long standby periods, such 
as a battery backup operation. 


The self refresh is similar to the auto refresh and is rec- at consecutive internal refresh address counter locations. Note 
ommended for use during the periods when the PSRAM is in that upon completion of the self refresh cycle the timing pa- 
the standby mode for an extended amount of time. For this rameter ters (chip enable delay time from F self refresh) must 
type of refresh the F signal is held low for as long as the device be followed for proper device operation during the following 
is deselected. When the self refresh F pulse width (tras) cycle. 
exceeds 8 ys, a timer activates an internal refresh operation 


ORDERING INFORMATION 
(Order by Full Part Number) 


MCM 518128 or 51L8128 or 51LV8128 XX XX 







Motorola Memory Prefix Speed (80=80 ns, 10= 100 ns) 
Part Number Package (P =600 mil Plastic DIP, 
(With L = Low Power Version, SF =330 mil SOG) 
with LV = Low Power with 
Data Retention Version) 


Full Part Numbers—MCM518128P10 MCM518128SF10 
MCM51L8128P80 MCM51L8128SF80 
MCM51L8128P10 MCM51L8128SF10 
MCM51LV8128P80 MCM51LV8128SF80 
MCM51LV8128P10 MCM51LV8128SF10 
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MOTOROLA 


ae SEMICONDUCTOR 
TECHNICAL DATA 













MCM5181 
IMCM51L8129 
MCM51LV8129 


128K x 8 Bit CMOS Pseudo Static 
Random Access Memory 


The MCM518129 is a 1,048,576 bit low-power pseudo-static random access memory or- 
ganized as 131,072 words of 8 bits, fabricated using 1.0 um silicon-gate advanced CMOS 
process technology. The MCM518129 family products utilize one-transistor dynamic stor- 
age cells and direct static addresses to achieve high density and fast access time. The 
advanced CMOS circuit design reduces power consumption and provides greater reliabil- 
ity. The data retention mode allows for very low power with battery backup in lap-top 
applications. | , ish 

The refresh input (F) allows two types of refresh application—auto refresh and self SS 
refresh. The MCM518129 is pin compatible with the 128K x 8 SRAM JEDEC pinout. and 
offers a low cost alternative to 1M SRAMs and a simpler design for DRAM memory F PACKAGE 
applications. 450 MIL SOG 

The MCM518129 is available in a wide 32 lead plastic small outline package. CASE 855 


Single 5 V Supply + 10% | 
128K x 8 Bit Memory Organization 
Low Power Dissipation—385 mW (Maximum Active). - 
TTL Compatible Inputs and Outputs 
Battery Backup Capability from 4.5 V to 5.5 V (3.0 V to 5.5 V with MCM51LV8129) 
Chip Select Standby Mode 
Low Standby Current 200 nA (Maximum) with MCM51L8129 and MCM51LV8129 
Auto Refresh Power Down Function | 
512 Refresh Cycles/8 ms — 
Auto Refresh is Executed by Internal Counter 
Self Refresh is Executed by internal Timer 
Pin Compatible with 1M SRAM JEDEC Pinout 
Three State Outputs 
Fast Access Times: MCM51L8129-80/MCM51LV8129-80 = 80 ns (Max) 
< MCM518129-10/MCM51L8129-10/ MCM51LV8129-10 = 100 ns (Max) 





PIN ASSIGNMENT 






















COLUMN 
DECODER 
SENSE AMP. 
110 GATE 
Leo e256x§8ee0 


MEMORY ARRAY 
(512 x 256 x 8) 







COLUMN 
ADDRESS 
BUFFER (8) 


DATA INPUT 
BUFFER (8) 





DQ0-DQ7 






DATA OUTPUT 
BUFFER (8) 


| PINNAMES 
Address Input 

Write Enable | 
Chip Enable 
Chip Select 


REFRESH 
TIMER 


an mi 


Output Enable 
Refresh Input 
Data Input/Output 
Power Supply 
Ground 


ot ni 





=| 
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TRUTH TABLE 


SatE 
xa Going Low ee) ae suas 


Se Me Sone A ee ea 
Pe fw | | a® [an | Ce Onyy Retosh | High Z 
Te fx | x | x [aut | Auto Refresh | High 2 
Te px |x [x |e | satretesh | HighZ 
Pe ft x | x [AM | Chip Select Stanaty | High _| 
Pe fx [x px] | Standby | Highz | 
L=Vii  H=Vin X=don'tcare ~{flf/=Toggle 

H/L=Vjp or Vi_, but must not toggle. 


*The Read and Write operations effectively perform a CE Only Refresh of the row 
being addressed. 


ABSOLUTE MAXIMUM RATINGS (See Note) 


[Rating «| Symbor | Value | Uni 
Power Disibaton Ty] atm 
a a TT oe 
[Shor Greut Ouput Covent | tot | 8 ma | 


DC OPERATING CONDITIONS AND CHARACTERISTICS 
(Vcc =5.0 V +10%, Ta =0 to 70°C, Unless Otherwise Noted) 


This device contains circuitry to protect the 
inputs against damage due to high static 
voltages or electric fields; however, it is ad- 
vised that normal precautions be taken to 
avoid application of any voltage higher than 
maximum rated voltages to this high- 
impedance circuit. 












NOTE: 

Permanent device damage may occur if AB- 
SOLUTE MAXIMUM RATINGS are ex- 
ceeded. Functional operation should be 
restricted to RECOMMENDED OPERATING 
CONDITIONS. Exposure to higher than rec- 
ommended voltages for extended periods 
of time could affect device reliability. 














RECOMMENDED OPERATING CONDITIONS 


[Supp Votage Operating Vokape Range) ——SSSC*dSC‘M gg 
Fit igh vets dy 
[input Low votage 


NOTE: All voltages are referenced to GND. 
DC CHARACTERISTICS 











Operating Current Fay Address Cycling, thc =trc min) trc=130 ns 


trc = 160 ns 


Standby Current (E=Vjy, F=Viy) MCM518129 Ispi 2 mA 
MCM51L8129/ MCM51LV8129 1 

Standby Current (E=Vcc—0.2 V, F2Vcec — 0.2 V) MCM518129 | Ispo** Bs 
MCM51L8129/ MCM51LV8129 

Self Refresh Current (E=Viy, F= Vj ) MCM518129 ICCF1 

(Average Current) MCM51L8129/MCM51LV8129 

Self Refresh Current (E=Vcc—0.2 V, F<0.2 V) MCM518129 | Iccr2** mA 

(Average Current) MCM51L8129/MCM51LV8129 =a 

Auto Refresh Current (Average Current) (F Toggling, tec = tec min) “ua 


= REN L-NNA 
lmmrnpiommigi=sna a og ee 


*Ilcca depends on cycle rate and output loading. Specified values are obtained with the output open. 
**In the Standby mode with E=Vcc —0.2 V, these limits are guaranteed when F=>Vcc—0.2 V. In the Self Refresh mode with E=Vcc — 0.2 V, 
these limits are guaranteed when F <0.2 V. In the Chip Select Standby mode, these limits are guaranteed when E<0.2 V, S<0.2 V (when E 
goes low), and F=Vcc —0.2 V or F<0.2 V. 
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CAPACITANCE (f=1 MHz, Ta =25°C, Vcc =5 V, Periodically Sampled Rather Than 100% Tested) 


Characteristic 


input Capacitance 





Output Capacitance 


AC OPERATING CONDITIONS AND CHARACTERISTICS 
(Vcc =5.0 V + 10%, Ta =0 to 70°C, Unless Otherwise Noted) 


Input Pulse Levels .......... 02000 e eae 0.6 V, 2.6 V Output Timing Measurement Reference Levels. ... . 0.8 and 2.2 V 
Input Rise/Fall Time... ........ 0.00 eee eee eee 5 ns Output Load.............0000. 2 TTL Loads and 100 pF 
Input Timing Measurement Reference Levels. ..... 0.8 and 2.4 V 


READ, WRITE, AND READ-MODIFY-WRITE CYCLES 
(An initial pause of 100 us with high E is required after power-up, before proper device operation is achieved.) 


MCM651L8129-80 | MCM618129-10 
. MCM51LV8129-80 | MCM651L8123-10 
Parameter MCM51LV8129-10 
Standard |Alternate| Min | Max | Min | Max | 


[Random Read, Write Cycle Time | tevewr) | trac | 19 | - | to | - | ons | 1 | 
Read Modify Write Cycle Time tEVEV(RW) | tamw | 195 | — | 23 | - | ns | 1 | 
Chip Enable Pulse With P teen | tce |e | 10,000 | 100 | 10000 | ne [1 
Chip Enable Precharge Time | tener | te | 4 | - | 8 | - | ns | 
Chip Enable Access Time | terav | tcea | — | 9 | - | 10 | ns] 1 | 
Output Enable Access Time | tcrov | tora | - | 3 | - | 4 | rs{ | 
Chip Enable to Output in Low-Z | terax | terz | | 30 | — |ns] 1 | 
Output Enable to Output in Low-Z | ons 

Output Active from End of Write 
Chip Disable to Output in High-Z | teHoz | tcHz | 
G Disable to Output in High-Z | tgHoz | tonz | 
Write Enable to Output in High-Z 
G Output Disable Set-Up Time | 


| | tops _| 

G Output Disable Hold Time | | tenge | topH | 
| trcs_| 

| tRCH _| 























[ oma) 


= 
Q 
2 


2 
R 


Read Command Set-Up Time tWHEL 


tRCS 
Read Command Hold Time tRCH 

Chip Select Set-Up Time 
Chip Select Hold Time tELSL | | tcsH | 
| Write Pulse Width tWLWH 


Write Command Hold Time tELWH 


Write Command to CE Lead Time tWLEH 


-- 
'?) 
2) 
<= 


(Continued) 


NOTES: 
1. The timings, tcE (min) and tcg (max), must be kept for proper device operation as follows: 


ICE 
ViH — 


ViL 
'CSH 


toss 
ViH 


VIL 


The start of a memory cycle is determined by E going low while S$ is high, and the end of the memory cycle is determined by E going high. 
The PSRAM will go into the standby mode when E is held high. 
2. tcHz- toHz. tWHz define the time at which the output achieves the open circuit condition and is not referenced to output voltage levels. 
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READ, WRITE, AND READ-MODIFY-WRITE CYCLES 
(An initial pause of 100 ys with high E is required after power-up, before proper device operation is achieved.) 


MCM518129-10 
Symbol 
Parameter 


MCM51L8129-10 
MCM51LV8129-10 
Data Set-Up Time from W tp VWH tpsw = ae 
Data Set-Up Time from CE tpVEH | tosc | 30 | 
Data Hold Time from W tWHDX | tpyw | 0 | 


Data Hold Time from CE tEHDXx tpHC 
tE 
tEC 
RF 




















MCM51L8129-80 
MCM51LV8129-80 
















x 
[Auto Refesh CycieTime——SSS~«wdCtvey tr 
FF Deley Tmo frome ——SSCSC~*d Cte | tae | 
F Pulse Width (Auto Reheat) —————SSSS—*dCtugn | tra 
[FPrecharge Time SSSS*d tie te 





of — pm fs 
[Fcommand HoldTime ——SSS~S~S teas | tec | 8 | | | dl [1 
F Pulse Width (Sei Rees) ———=S~S*~wd Cn | tras | 00 | — | ecw | - | mw fs | 
[CE Delay Tine from F (Self Refresh) _———*dt—tene, | tens | 160 | - | 90 | - |» [a8 
Refresh Period (512 Cycle aD to Aa) ———~S~S«dt te | ter | - | 8 | - | 8 [mm] 


NOTES: 
3. In write cycle, the input data is latched at the earlier of W or E rising edge. Therefore the input data must be valid during set-up time (tpsw 
or tpsc) and hold time (tpHw or tpHc). 
4. All address inputs are latched at the falling edge of E. Therefore all the address inputs must be valid during tasc and taHc. 
5. Two refresh operations—auto refresh and self refresh are defined by the F pulse width under the condition of E=Vy: 
Auto refresh: F pulse width <teap (max). 
Self refresh: F pulse width=teas (min). 
The timing parameter (t-Rs) must be kept for proper device operation in the following conditions: 
a. After self refresh. 
b. In case F=Vj,_ after power-up. 
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DATA RETENTION CHARACTERISTICS (Ts =0~70°C) (MCM51LV8129 Only) 








ICCF2 Self Refresh Current . 


(Average Current) 


[tree | RecoveyTime 





Symbol 
Data Retention Supply Voltage 


. VprR=3.0 V 










| Unit_| 
pA 


VpR=5.5 V 


| Min | typ | Max 
ee 
ee Be ae ee 
ee ee ee 
er eee ieee ee 





*The falling slope of Vcc must be more than 50 ms in order to operate the device safely. (20 ms/V) 


Vec 
45V -——— = = 
Vec VDR ac me me me eee 
tRFD 
Vin 
F 
- ViH ——e a= aun cum a= ame 
E 
ViL 


NOTES: 


DATA RETENTION MODE 





*The falling slope of Vcc must be more than 50 ms in order to operate the device safely. (20 ms/V) 


1. 
2. 
3. 


S, G, W, A0-A16=Don’t Care. _ 
ICCF1 is applied in F=Vy_ max, E=Vjy min. 


Refresh with 512 cycles/8 ms. 
4. 


The Motorola MCM51LV8129 pseudo static RAM has data 
retention capability at a Vcc level as low as three volts. This 
is particularly useful with battery backup applications. While 
in the data retention mode the pseudo static RAM will draw 
no more than 100 microamps of current at 3 V Vcc in the 
temperature range from 0°C to 70°C. The data retention mode 
of the pseudo static RAM is basically a self refresh mode where 
each row in the memory array is automatically refreshed at 


Data Retention is a special case of the Self Refresh mode. All modes other than the Self Refresh mode require Auto Refresh or CE Only 


Enter the Self Refresh mode before dropping Vcc below 4.5 V for Data Retention mode. 


periodic intervals by on-chip refresh control circuitry. The 
pseudo static RAM will enter self refresh mode eight micro- 
seconds after the refresh pin makes a transition from high to 
low while the device is in standby mode. Under these con- 
ditions the device will remain in self refresh mode until either 
brought out of standby mode or until the refresh pin is clocked 
high. 
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A0-A16 


| 


=| 


DQ0-DQ7 


READ CYCLE 
‘Rc 
t 

vi — ‘cE a 
Ly as 

logs [| 'CSH 
Viq 
Vit | | tao | 

ASC 
KX edeteacad KKXXKXKXXK XOX KXA A 
nex | eo 





= if a 


'CHz 





ee = aa 
ey 2 a a. 


A read cycle is initiated by E and G going low during the of G and tc}z from the rising edge of E. All address inputs 
same cycle while the W signal is held high. Valid data will be are latched at the falling edge of E, therefore, all the address 
output after a delay of tcEA from the falling edge of E and a inputs must be valid during address setup and address hold 
delay of tog, from the falling edge of G. The data will remain times tasc and taHc. 
valid on the outputs for the time toHz from the rising edge 
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WRITE CYCLE 1 
(G Fixed High) 


; 
li 
| 


Viq — 
on | tien 1 
woe XXXL wooness KX KX KKXKXAKAXAKAKAKA 
toos—f+-> 00H 
- Vu— 
. Vu = 'WCH 
| 'CWL 
a UY 
| iS ‘psc — 'DHC 


= tosw—al eo ‘HW i 

Vi ee 

IH 4 DATAIN ) ; 

poet Vit — f |; ~¥ 


tRHC tRep 
'FRS 


FP 


<<———tep —e 


ni 


A write cycle is initiated when both E and W go low during whichever occurs first. Therefore, the input data must be valid 
the same cycle. The write operation is terminated with the during data setup and data hold times tpsw/tpsc and 
input data being latched at the rising edge of either E or W, tpHW/tDHC- 
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WRITE CYCLE 2 





(G Clock) 
‘Re 
: ca 
a = 
5 Viq— 
‘i 
"asc 
T AHC 
AD-AIG aa AX pauls MXXXXXKAK XX /\ XXX A XXAXX 
ae 
{ t 
RCS cae CWL | 
woo UF CUNY 
Se 
t 
es Pel pte “LY - 
MN aie {| oan) ——_—————4 


oe a fk = Rees e "cHz 
00-07 sae (i XXX? UXXXXAXS 


ters 'RFD 


tac lFP aia 
yw A KN 


ep 


MOTOROLA MEMORY DATA 


5-23 


MCM518129e MCM51L8129e MCM51LV8129 


WRITE CYCLE 3 








(G Fixed Low) 
tre 
| 3 tp 
- Vi 'CE 
E he b = 
| iaeke ‘csi 

a |, 

. TASC | | 

"AHC 
ous KKK es HKKKKKKKXKKKKKKK KKK NY 

a ‘iW | 

2 cae 

'RCS 


ae ye 
| | jo Fs ee? 
| “tow 'DHC 
ee (em -—— 
'oLz ie tWHZ 'WLz one 'CHz 
Va / 
oo (XXXX}————{XXXXXX! 
ters |. 'RFD 


<> {RHC ae el 
; Vin — | , 
Ve A JN | 
'Ep . 
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READ MODIFY WRITE CYCLE 


'RMw 





'CEA t WwHz 
tOEA 'ouz 'WLZ touz 
OO a \VAV, WV/\/ 
ee 0 


— toiz 
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CHIP ENABLE ONLY REFRESH 


AO-A8 





| 





Ww 


pao-pa7 “oH 3 OPEN 


ie aa E 
: TRHC 'RFD 


'FRS — 'Fp 
a ae ae oa 
: Vit — /' \ 
I Fp : 
NOTE: A9-A16= Don’t Care. 


The chip enable only refresh is similar to the RAS-only re- performing a memory cycle at each of the 512 rows (defined 
fresh of a DRAM. This type of refresh is accomplished by by A0-A8) within the specified refresh period. 
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AUTO REFRESH 


(G, W, AO-A16= Don’t Care) 


= ViH- 
E1 
Vit — 


Vin - 


E2 Vit — 


OR 


w R-__AXXXXXXXXXXKD 


Vin - 
E2 
Vit — 


~ VH- 
F Vit — 


VoH - 


DQ0-DQ7 
VoL — 





NOTE: During an auto refresh, an internal row address counter is incremented at the falling edge 
of F, and a new row is refreshed. This diagram shows F toggling twice, thus refreshing 


2 rows. 


The auto refresh is similar to the CAS-before-RAS refresh 
of a DRAM. When the F signal is clocked while E is high, the 
internal refresh counter and on-chip refresh circuitry are en- 
abled and an internal refresh operation takes place. Each time 
the F signal is clocked (as specified and with E high), a 


subsequent row is refreshed and the internal refresh address 
counter is automatically incremented in preparation for the 
next auto refresh cycle. Note that the auto refresh F pulse 
width (trap) must be more than 30 ns and less than 8 ys for 
this type of refresh operation to properly take place. 
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MCM518129¢ MCM51L8129e¢ MCM51LV8129 


SELF REFRESH 
(G, W, A0-A16 = Don’t Care) 


— ViH- 


E2 


Vit — 


Vin - 





Vit — 


OR 


— Viq— 
Vit — 


ViH — 


E2 Vit — 


'RFD 


~ ViH- 
F Vit — 


TEP 


pao-po7 VOW - 
VoL — 


XXXVI 
AKA 


=tras tRHC 


= tFRS 


OPEN 


NOTE: In the self refresh mode, after F has been held low for teas, an internal timer will refresh 
a new row approximately every 150 ys. Due to the long period of this method of refresh, 
it is recommended that self refresh only be used for extremely long standby periods, such 
as a battery backup operation. 


The self refresh is similar to the auto refresh and is rec- 
ommended for use during the period when the PSRAM is in 
the standby mode for extended periods of time. For this type 


8 us, a timer activates an internal refresh operation at con- 
secutive internal refresh address counter locations. Note that 
upon completion of the self refresh cycle the timing parameter 


of refresh the F signal is held low for as long as the device is 


v tERS (chip enable delay time from F self refresh) must be 
deselected. When the self refresh F pulse width (tFas) exceeds 


followed for proper device operation during the following 
cycle. 


CHIP SELECT STANDBY MODE 


tro 
2 ie t 
= YH CE 


'oSH 


OPEN 


NOTE: G, W, A0-A16 = Don’t Care. 
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MCM518129e MCM51L8129e MCM51LV8129 


ORDERING INFORMATION 
(Order by Full Part Number) 


MCM 518129 or 51L8129 or 51LV8129_ XX XX 
Motorola Memory Prefix qos Speed (80 =80 ns, 10= 100 ns) 


Part Number Package (F = 450 mil SOG) 
(With L=Low Power Version, 
with LV = Low Power with 
Data Retention Version) 


Full Part Numbers—MCM518129F10 
MCM51L8129F80 
MCM51L8129F10 
MCM51LV8129F80 
MCM51LV8129F10 
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General MOS Static RAMs 6 
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GENERAL STATIC RAMs (HCMOS unless otherwise noted 














Organi- Part Access Time Current 
ae errr Number ns Max mA Max Packaging 
IMCM2018AN__|_35/45/55__| 135 | 24/300 mil, (P)DIP_____ 
IMcM60256A_|_85/100/120 | 70 | 28 I(P)DIP,(F)SOG_ 
IMCM6OL256A_|70/85/100/120|_ 70 | _28 (PDIP, (F/SOG_ 
MCM60L256A-C ewenleeen ele ido ele 7a al Oe eee 
IMCM6OL256A-Vj_ 100 | 70} 28 (P)DIP,(F)SOG 
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MOTOROLA 
a SEMICONDUCTOR SII 


MCM2018A 


TECHNICAL DATA 


Fast 16K Bit Static RAM 


The MCM2018A is a 16,384 bit static random access memory organized as 2048 
words by 8 bits, fabricated using Motorola’s high-performance silicon-gate MOS 
(HMOS) technology. It uses an innovative design approach which combines the N PACKAGE 
ease-of-use features of fully static operation (no external clocks or timing strobes PLASTIC 
required) with the reduced standby power dissipation associated with clocked CASE 724 
memories. To the user this means low standby power dissipation without the need 
for address setup and hold times, nor reduced data rates due to cycle times that 
are longer than access times. Perfect for cache and sub-100 ns buffer memory sys- 
tems, this high speed static RAM is intended for applications that demand superior PIN ASSIGNMENT 
performance and reliability. 

Chip enable (E) controls the power-down feature. It is not a clock but rather a 
chip control that affects power consumption. In less than a cycle time after E goes 
high, the part automatically reduces its power requirements and remains in this 
low-power standby mode as long as E remains high. This feature provides signifi- 
cant system-level power savings. 

The MCM2018A is in a 24-pin dual-in-line 300 mil wide package with the indus- 
try standard JEDEC approved pinout. 


@ Single +5 V Operation, + 10% 
@ Fully Static: No Clock or Timing Strobe Required 
@ Fast Access Time: MCM2018A-35 = 35 ns (Maximum) 
MCM2018A-45 = 45 ns (Maximum) 
@ Power Supply Current: 135 mA Maximum (Active) 
20 mA Maximum (Standby) 





@ Three-State Output 
BLOCK DIAGRAM 











4 
A4 
4 2 OS = PIN 24=Voc 
; ¢ PIN 12=Vg¢ 
AG Poa 5g Address Input 
A7 Pe MEMORY MATRIX Data Input/Output 
3 DECODER 128 x 128 
Ag b> Write Enable 


Output Enable 
Chip Enable 
+5 V Power Supply 


22 
Ag —— Pe. 


19 
A10 Pou 
ee Seen 
poo — | > 













ana en 

eee hear 2 
| og 

pas : I a sey LY Lt af] sf] 

DQ4 CONTROL 

pos ! s —% 

ba6 17 Paar a 


~~ 
——_— — — = 


007 T= : 
2 ———~ 
| a 


21 LOGIC 


=| Pi m 
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- MCM2018A 


MODE SELECTION 
a 
sel 
[reed | ce 
[wit Gee SSCs Ex ft] tee | 2 


ABSOLUTE MAXIMUM RATINGS (See Note) 


[Rang —————Symbor [ven | Un 
[Vag on Any Pn Wi Respect VSS | Vin Vour | 05% +70 | V_ 


This device contains circuitry to protect the 
inputs against damage due to high static 
voltages or electric fields; however, it is ad- 
vised that normal precautions be taken to 
avoid application of any voltage higher than 
maximum rated voltages to this high- 
impedance circuit. 





















V 
A 
[Power Dispaton | |_| 
[Temperate Undertis ———*d: Tos | TO v0 | ec | 


NOTE: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are 
exceeded. Functional operation should be restricted to RECOMMENDED 
OPERATING CONDITIONS. Exposure to higher than recommended voltages for 
extended periods of time could affect device reliability. 





DC OPERATING CONDITIONS AND CHARACTERISTICS 
(Vcc =5.0 V +10%, Ta =0 to 70°C, Unless Otherwise Noted) 


RECOMMENDED OPERATING CONDITIONS 





*The device will withstand undershoots to the —2.5 volt level with a maximum pulse width of 50 ns. This is periodically sampled rather than 
100% tested. 


DC CHARACTERISTICS 












[hn *d tt | Tp | | Un 


Input Capacitance All Inputs Except E and DO per ete ge 
7 


E 
|VO capacitance eyo | 








MOTOROLA MEMORY DATA 


6-4 


MCM2018A 


AC OPERATING CONDITIONS AND CHARACTERISTICS 
(Vcc =5 V +10%, Ta=0 to +70°C, Unless Otherwise Noted) 


Input Pulse'Levels 2.5 g.2¢ ace ee ey FS eS eS eS x 0 and 3.0 V Input and Output Timing Measurement Reference Levels. .. 1.5 V 
Input Rise and Fall Times ...........0...0.000000 5 ns Outpot 0a. ee 6 he ee lh es BG RAR. See Figure 1 


READ CYCLE (See Note 1) 


Address Valid to Address Valid (Read Cycle Time! | tavav | tac | 33 | — | #& | - [ ns | | 
Pp - {eo} - |e | os [| 


Address Valid to Output Valid (Address Access Time) tavav t 


AC 
we |e |-[«]-|=| 
chip Enable Low to Opt Va Chip Erable AcousTm) | terov [acs | - |= [- |e] ml] | 
put Erbe ow to Output Vad (Output Enale Accs Tie) | iguoy | toe | - | | - | [~ | 
chip Enable Low to Out iva (Chip Enable to Out Active) | trax | tour | 8 


Chip Enable High to Output High Z (Chip Disable to Output tCHZ 
Disable) 

Output Enable Low to Output Invalid (Output Enable to Output tGLax toLz 
Active) 

Output Enable High to Output High Z (Output Disable to Output 20 
Disable) 





Address Invalid to Output Invalid (Output Hold Time) 


1. Transition time specification applies for all input signals. In addition to meeting the transition rate specification, all input signals must transition 
between Vi, and Viz (or between Vj} and Vj) in a monotonic manner. 

2. Transition is measured +200 mV from the steady state output voltage with the output loading specified in Figure 1. 

3. In read cycle 2, all addresses are valid prior to or coincident with chip enable (E) transition low. 


2 
oO 
oo | 
m 
” 


READ CYCLE 1 (W=Vjnp, E=ViL) 
tAVAV 
A (ADDRESS) 


tavOV 


tGLOV pases tGHOZ 


G (QUTPUT ENABLE) 


tgLax 


oom a OO aa ON 


READ CYCLE 2 (W=Vjy, G= Vj; See Note 3 Above) 


| 


tELEH 


E (CHIP ENABLE) 


'EHOZ 


Q (DATA OUT) eee OUTPUT DATA VALID —= 


TELICCH ~—t— teHiccL —> 


Vcc SUPPLY icc 
CURRENT 


Iss 
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MCM2018A 


WRITE CYCLE (See Notes 1 and 2) 










MCM2018A-35 | MCM2018A-45 


Symbol 


Standard 
_tavay 
tELWH 
tAVEL 
vw | tas 

| taw 

| we _| 
tWHAX 
twHox | twiz_| 
| twee _| 
pe tOS 3 
| ton | 
| tone _| 


Parameter ne Notes 


Address Valid to Address Valid (Write Cycle Time) 

Chip Enable Low to Write High (Chip Enable to End of Write) 
Address Valid to Chip Enable Low (Address Setup to Chip Enable) 
Address Valid to Write Low (Address Setup to Write) ; 
Address Valid to Write High 

Write Low to Write High (Write Pulse Width) 

Write High to Address Don’t Care (Address Hold After End of Write) 
Write High to Output Don’t Care (Output Active After End of Write) 





fad 
mM 


s 


Z Zi\s\y 
eel 
z|2 


Write Low to Output High Z (Write Enable to Output Disable) 


o> 
: 
J 


Data Valid to Write High (Data Setup to End of Write) 
Write High to Data Don’t Care (Data Hold After End of Write) 
Output Enable High to Output High Z 


NOTES: 

1. Write enable (W) must be high during all address transitions. 

2. If the chip enable (E) low transition occurs simultaneously with the write enable (W) transition, the output remains in a high impedance 
state. 

3. Both chip enable (E) and write enable (W) must be active (low) to write data into the memory. Either signal can terminate the write cycle 
by going high. Data in setup and hold timing should be referenced to the rising edge of the signal that terminates the write. 

4. twHAx is measured from the earlier of, chip enable (E) or write enable (W) going high to the end of write cycle. 

5. Output enable (G) can be either low or high during a write cycle. If chip enable (E) and G are both low during this period then the data 
input/output (DQ) pins are in the output state. Under these conditions input signals of opposite phase to the outputs must not be applied. 


= 


H 
tGHQOZ 








WRITE CYCLE 1 (W Controlled) 


A (ADDRESS) 
E (CHIP ENABLE) Se: AJ LIT ITS 


tAVWL - 


W (WRITE ENABLE) 


sour ems 777/77 /f 





SN 


'WHOX 







'GHOZ 


vnman XXXXXXXKKXLY 


HIGH IMPEDANCE 
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MCM2018A 


WRITE CYCLE 2 (E Controlled) 


TAVAV 


TAVEL tWHAX 


E (CHIP ENABLE) 


mare cuts \ \\ AA AAMAS ALLLLL LLL 
{ANE See aaa 
G (OUTPUT ENABLE) //////# AS 






‘gHaZ —> 


DATA gut) TSH IMPEDANCE XXX XXX) 
‘DvWH 'WHDX 


D (DATA IN) DATA IN VALID 


HIGH IMPEDANCE 





5V 
480 


30 pF 
255 (INCLUDING 
SCOPE AND JIG) 


Figure 1. Output Load 


ORDERING INFORMATION 
(Order by Full Part Number) 


MCM 2018A X XX 


Motorola Memory Prefix ee a ; ene Speed (35 =35 ns, 45=45 ns) 


Part Number Package (N =300-mil Plastic) 


Full Part Numbers— MCM2018AN35 
MCM2018AN45 
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MOTOROLA 


ma SEMICONDUCTOR Ser TE 


TECHNICAL DATA 


MCM60256A 
Advance Information MCM60L256A 


32K x8 Bit CMOS Static Random 
Access Memory 


The MCM60256A is a 262,144 bit low-power static random access memory organized as 
32,768 words of 8 bits, fabricated using silicon-gate CMOS technology. Static design 
eliminates the need for external clocks or timing strobes, while CMOS circuitry reduces 
power consumption and provides greater reliability. The operating current is 5 mA/MHz 
(typ) and the minimum cycle time is 85 ns. For long cycle times (> 100 ns), the automatic 
power down (APD) circuitry will temporarily shut down various power consuming circuits, 
thereby reducing the active power consumption. 

Chip enable (E) controls the power-down feature. It is not a clock but rather a chip 
control that affects power consumption. When E is a logic high, the part is placed in low 
power standby mode. The maximum standby current for MCM60L256A is 2 pA 
(TA =25°C). Chip enable also controls the data retention mode. Another control 
feature, output enable (G) allows access to the memory contents as fast as 45 ns 
(MCM60256A-85). Thus the MCM60256A is suitable for use in various microprocessor 
application systems where high speed, low power, and battery backup are required. 

The MCM60256A is offered in a 600 mil, 28 pin plastic dual-in-line package as well as 
the 330 mil, 28 pin plastic small outline gullwing package. 


Single 5 V Supply, + 10% 

32K x 8 Organization 

Fully Static — No Clock or Timing Strobes Necessary 

Low Power Dissipation —27.5 mW/MHz (Typical Active) 

Output Enable and Chip Enable Inputs for More System Design Flexibility and Low 

Power Standby Mode 

Battery Backup Capability (MCM60L256A) 

Data Retention Supply Voltage =2.0 V to 5.5 V 

All Inputs and Outputs Are TTL Compatible 

Three State Outputs 

Fast Access Times: MCM60256A-85 and MCM60L256A-85 = 85 ns (Max) 
MCM60256A-10 and MCM60L256A-10 = 100 ns (Max) 
MCM60256A-12 and MCM60L256A-12 = 120 ns (Max) 


A5 BLOCK DIAGRAM 
A6 
A7 
A8 <— Vcc 


MEMORY ARRAY 
ROW ss. ¥gs 
Ag 
-——toeconer (512 ROWS AND 


All 512 COLUMNS) 
A12 
A13 
Al4 


bao INPUT 


DATA 





DQ7 





eDpP 


6 e 


This document contains information on a new product. Specifications and information herein are subject to charige without notice. 
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P PACKAGE 
PLASTIC 
CASE 710 


SOG 
CASE 761H 





PIN ASSIGNMENT 





Write Enable 
Chip Enable 


Output Enable 

Data Input/Output 
+5 V Power Supply 
Ground 


MCM60256A ¢ MCM60L256A 


TRUTH TABLE 


CE | @ | W | Mode | Supply cunem | VOPin | 
Ta [x [x | Notsowced | sa | Hiohz_| 

Tif |W _| Ouput Disabled [leg hz 
a NT RT eee 
a eal 


X=don't care 






This device contains circuitry to protect the 
inputs against damage due to high static 
voitages or electric fields; however, it is ad- 
vised that normal precautions be taken to 
avoid application of any voltage higher than 
maximum rated voltages to this high- 
impedance circuit. 







ABSOLUTE MAXIMUM RATINGS (See Note) 


[Rating | Symbol! | Value | unit | 
Power Supply Voltage paves -0.3 to +7.0 
Voltage to Any Pin with Respect to Vss -0.5 to Voc + 0.5 


Power Dissipation (Ta = 25°C) PDIP ee 


| Ta | om+70 | °c | 
Storage Temperature | Teg | 5510 +150 _| °C | 


NOTE: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are 
exceeded. Functional operation should be restricted to RECOMMENDED 
OPERATING CONDITIONS. Exposure to higher than recommended voltages for 
extended periods of time could affect device reliability. 














= 





Operating Temperature 





DC OPERATING CONDITIONS AND CHARACTERISTICS 
(Vcc =5.0 V + 10%, Ta=0 to 70°C, Unless Otherwise Noted) 
RECOMMENDED OPERATING CONDITIONS 
Parameter 
Supply Voltage (Operating Voltage Range) 
Input High Voltage 


e 
- 
Py 


Input Low Voltage 
*ViL (min) = —0.3 V de; Viz (min) = —3.0 V ac (pulse width <50 ns) 


DC CHARACTERISTICS 
Parameter 


Input Leakage Current (All inputs, Vj, =0 to Vcc) 





Output Leakage Current (E=Viy or G=Viy, or W=ViL, Vout=0 to Vcc) 


Operating Current (Read Cycle) 
(E=Vj_, W=Vjpy, Other Input =VjH/Vib, lout =O mA) 
MCM60L256A: tayay=1 us 
MCM60256A, MCM60L256A-85: tayay = 85 ns 
MCM60256A, MCM60L256A-10: tayay = 100 ns 
MCM60256A, MCM60L256A-12: tayay = 120 ns 


(E=0.2 V, W=Vcc-—0.2 V, Other Input = Vcc - 0.2 V/0.2 V, 

lout = 0 mA) MCM60L256A: tayay =1 us 
MCM60256A, MCM60L256A-85: tayav = 85 ns 
MCM60256A, MCM60L256A-10: tayay = 100 ns 
MCM60256A, MCM60L256A-12: tayay = 120 ns 


Standby Current (E= Vit) 


Standby Current (E=Vcc —0.2 V, Vc¢c =2.0 to 5.5 V) MCM60256A 
MCMB60L256A 
MCME60L256A (Ta = 25°C) 


Output Low Voltage (Io, =4.0 mA) 
Output High Voltage (IoH = — 1.0 mA) 


Typical values are referenced to Ta = 25°C and Vcc =5.0 V 











CAPACITANCE (f=1 MHz, Ta =25°C, Periodically Sampled Rather Than 100% Tested) 
Characteristic | 
Input Capacitance (Vj, =0 V) All Inputs —_ DQ oe | 


1/0 Capacitance (Vj/q =0 V) 
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MCM60256A e MCM60L256A 


AC OPERATING CONDITIONS AND CHARACTERISTICS 
(Vcc =5.0 V +10%, Ta =0 to 70°C, Unless Otherwise Noted) 


Input Pulse Levels ......0..0...2000 cues 0.6V,2.4V Output Timing Measurement Reference Levels. . . . . 0.8 and 2.2 V 
Input Rise/Fall Time... 2... 2... 2 eee ee eee es 5 ns Output LOG 3 ki Whew Fe a eee ab eee ee See Figure 1 
Input Timing Measurement Reference Levels.......... 1.5V 


READ CYCLE (See Note 1) 


60256A-85 | MCM60256A-10 
MCM60L256A-85 | MCM60L256A-10 


a 


Output Enable to Output High-Z 


NOTES: 
1. W is high at all times for read cycles. 


2. All high-Z and low-Z parameters are considered in a high or low impedance state when the output has made a 100 mV transition from the 
previous steady state voltage. 


3. These parameters are periodically sampled and not 100% tested. 





READ CYCLE 


A (ADDRESS) 





E (CHIP ENABLE) 


G (OUTPUT ENABLE) 


HIGH-Z 
Q (DATA OUT) 





<e— (GLOX 


ttLax ———> 
5.0 V 
Ry = 930 
TEST POINT 
1N9148 


*Includes jig capacitance. = 


Figure 1. AC Test Load 
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MCM60256A ° MCM60L256A 


WRITE CYCLE 1 AND 2 (See Note 1) 
MCM60256A-85 | MCM60256A-10 | MCM60256A-12 
Dicarreta Symbol Alt | MCMG60L256A-85 | MCM60L256A-10 | MCM60L256A-12 
Syme min _| 


Notes 
Write Cycle Time | tava, | two | 88 {| — | to | - | 12 | - | ns | — | 
[Address Setup Time | tavwiltaver | tas | 0 | — | 0 | ie 
tavwu/taveH | taw | 75 | - | 8 | - | 8 | - {| ns | — | 
[Write Pulse With | twiwn | we | 6 | —- [| 0 | - | 0 | - | m | 2 
[Data Valid to End of write | tovwu/toven | tow | 35 | - | 36 | - | | - | me | — | 
Data Hold Time [twupx/teHox | ton | 9 | —- | 0 | J Unde 
[Write Low to Output in HighZ | twiaz__ | twiz| 9 =| 2 | o | 2 | o | 3 | ns | 34° 
Write High to OutputLowZ | twHax | twiz | 10 | — | 10 | - | 1 | ~— | ns | 34 | 
twHax/teHax| twa | 8 | - [| o | — [| o | ~ || 5 
[Chip Enable to End of Write | texwH/teven | tcew | 6 | — | 9 [| -— [| @& [| ~— | ns} — | 


NOTES: 

1. Outputs are in high impedance state if G is high during Write Cycle. 

2. A write occurs during the overlap (typ) of a low E and a low W. If W goes low prior to E low then outputs will remain in a high impedance 
state. 

3. All high-Z and low-Z parameters are considered in a high or low impedance state when the outputs have made a 100 mV transition from 
the previous steady state voltage. 

4. These parameters are periodically sampled and not 100% tested. 

5. twr is measured from the earlier of E or W going high to the end of write cycle. 


















WRITE CYCLE 1 (W CONTROLLED) 


TAVAV 


tAVWH tWHAX 


E (CHIP ENABLE) \AAAAX i A 


W (WRITE ENABLE) 
oe po 
| 
von (RXXXXXKM KKK | XXKXKXKK 


'WLOZ 'WHOX 


sashes memamaranee 9.9.0.8, aes CONG 
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MCM60256A° MCM60L256A 


WRITE CYCLE 2 (E Controlled) 


tAVAV 
tAVEL — ; tELEH tEHAX 


——$————| 'AVEH 


E (CHIP ENABLE) 


tWLWH 


EEANNANANANY _ A777 


HIGH IMPEDANCE HIGH IMPEDANCE 
Q (DATA OUT) 


‘DVEH tEHDX 
D (DATA IN) DATA VALID 


DATA RETENTION CHARACTERISTICS (T,=0 to +70°C) 


po Parameter Symbol 
Vcc for Data Retention (E=Vcc - 0.2 V) VoR 


Data Retention Current (E=Vcc - 0.2 V) MCM60256A : Vcc =3.0 V 
Vcc =5.5 V 


MCM60L256A: Vcc =3.0 V 


ICCDR 
Chip Disable to Data Retention Time 
Operation Recovery Time Le Stra 


*tavav = Read Cycle Time 
**This characteristic is guaranteed to meet 3 zA max at Ta =0 to + 40°C. 






















DATA RETENTION MODE 





DATA RETENTION MODE 






Voc Vor 22.0 V 








7 E>Vpp-0.2 V 
E CONTROL 


NOTE: If the Viz of E is 2.4 V in operation, Iggy current flows during the period that the Vcc voltage is decreasing from 4.5 V to 2.4 V. 
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MCM60256A° MCM60L256A 


ee a 


2 © 
- r-rel ell eo s&s 


(G3ZNWWHON) 39VLIOA MO1 LNdNt “WA 


(Q3ZNVWHON) JDVLIOA HOIH LNdNI ‘HIA 





CEN | 


i 


_ 


= 





Vcc, SUPPLY VOLTAGE (VOLTS) 


Vcc, SUPPLY VOLTAGE (VOLTS) 


Figure 2. Input Low Voltage versus Supply Voltage 


Figure 1. Input High Voltage versus Supply Voltage 








(G3Z1WWHON) LN3HYND ONILVH3d0 ‘VI9) 


80 100 120 


60 


Ta, AMBIENT TEMPERATURE (°C) 


Figure 3. Operating Current versus Ambient 


Temperature 








(G3ZNIVWYON) LNIYYND ABONYLS ‘LES| 


80 100 120 140 
Ta, AMBIENT TEMPERATURE (°C) 


60 


40 


20 


-~40 -20 


- 60 


120 


100 


Ta, AMBIENT TEMPERATURE (°C) 


Figure 5. igg2 Standby Current versus Ambient 


Figure 4. lgg1 Standby Current versus Ambient 


Temperature 


Temperature 
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MCM60256A ° MCM60L256A 





(G3ZN1VWYON) LN3YUND ONILVH3d0 ‘VID, 


f, FREQUENCY (MHz) 


f, FREQUENCY (MHz) 


Figure 7. Operating Current versus Frequency (Write) 


Figure 6. Low Power Operating Current versus 


Frequency (Read) 


SURRERE 





(G32Z11VWYON) LNIHUND ABGNVLS ‘CSS; 








Vcc, SUPPLY VOLTAGE (VOLTS) 


Figure 8. Low Power Igp2 Standby Current versus 


Supply Voitage 





(Q3ZI1VWHON) 3WIL SS399v SSauaay ‘ADAV; 


40 60 80 100 120 


Ta, AMBIENT TEMPERATURE (°C) 


20 


-40 —20 


— 60 





Vcc, SUPPLY VOLTAGE (VOLTS) 


Figure 10. Access Time versus Ambient Temperature 


Figure 9. Access Time versus Supply Voltage 
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MCM60256A ° MCM60L256A 


ORDERING INFORMATION 
(Order by Full Part Number) 


MCM_ 60256A or GOL256A X XX 


dis Shipping Method (R2 = Tape & Reel, 
Blank = Rails) 


Motorola Memory Prefix 


Part Number 
(With L=Low Power Version) Speed (85=85 ns, 10= 100 ns, 


12= 120 ns) 


Package (P = Plastic DIP, F=SOG) 


Full Part Numbers— MCM60256AP85 MCM60256AF85 MCM60256AF85R2 
MCM60256AP 10 MCM60256AF 10 MCM60256AF 10R2 
MCM60256AP12 MCM60256AF 12 MCM60256AF12R2 
MCM60L256AP85 MCM6OL256AF85 MCM60L256AF85R2 
MCM60L256AP10 MCMB60L256AF10 MCM60L256AF10R2 
MCM60L256AP12 MCM60L256AF12 MCM60L256AF12R2 
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MOTOROLA 
ak SEMICONDUCTOR SERS 


TECHNICAL DATA 
MCM60L256A-70 


Advance Information 


32K x8 Bit CMOS Static Random 
Access Memory 


P PACKAGE 
PLASTIC 
CASE 710 


The MCM60L256A-70 is a 262,144 bit low-power static random access memory orga- 
nized as 32,768 words of 8 bits, fabricated using silicon-gate CMOS technology. Static 
design eliminates the need for external clocks or timing strobes, while CMOS circuitry 
reduces power consumption and provides greater reliability. The operating current is 
5 mA/MHz (typ) and the minimum cycle time is 70 ns. For long cycle times (> 100 ns), 
the automatic power down (APD) circuitry will temporarily shut down various power 
consuming circuits, thereby reducing the active power consumption. 

Chip enable (E) controls the power-down feature. It is not a clock but rather a chip AO PACKAGE 
control that affects power consumption. When E is a logic high, the part is placed in | SOG 
low power standby mode. The maximum standby current for MCM60L256A-70 is 2 pA CASE 751H 
(TA =25°C). Chip enable also controls the data retention mode. Another control fea- 
ture, output enable (G) allows access to the memory contents as fast as 40 ns 
(MCM60L256A-70). Thus the MCM60L256A-70 is suitable for use in various micropro- 
cessor application systems where high speed, low power, and battery backup are 
required. 

The MCM60L256A-70 is offered in a 600 mil, 28 pin plastic dual-in-line package 
(PDIP) as well as the 330 mil, 28 pin plastic small outline gullwing package (SOG). 


Single 5 V Supply, + 10% 

32K x 8 Organization 

Fully Static — No Clock or Timing Strobes Necessary 

Low Power Dissipation —27.5 mW/MuHz (Typical Active) 

Output Enable and Chip Enable Inputs for More System Design Flexibility and Low 
Power Standby Mode 

Battery Backup Capability 

Data Retention Supply Voltage =2.0 V to 5.5 V 

All Inputs and Outputs Are TTL Compatible 

Three State Outputs 

Fast Access Times: 70 ns (Max) 





BLOCK DIAGRAM 


AS > ae ae 

AG Param 

A7——_1 2 _] | 

=«— Vcc 

ies > ine MEMORY ARRAY | _y.. 

Ag > Rycsien (512 ROWS AND 
All > aes 512 COLUMNS) 
Al2 Pose 
A13 > aaa Write Enable 
a S Chip Enable 


Output Enable 
pao L>e{ INPUT 
pa7 LP stata | 





Data Input/Output 
+5 V Power Supply 
Ground 











| coLuMN oEcoDeR | | coLuMN oEcoDeR | 


. 


@ 
)\ 
ie 


G 


This document contains information on a new product. Specifications and information herein are subject to change without notice. 
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MCM60L256A-70 


TRUTH TABLE 












This device contains circuitry to protect the 
inputs against damage due to high static 
voitages or electric fields; however, it is ad- 
vised that normal precautions be taken to 
avoid application of any voltage higher than 
maximum rated voltages to this high- 
impedance circuit. 


[W [Mode | Supply Current_[ 1/0 Pin 
Ta [x [x | Notseecws [isp 
[| Output Disabled [ico 

se 


X=don't care 








ABSOLUTE MAXIMUM RATINGS (See Note) 


|_Symbot | Value | Unit | 
Power Supply Voltage 
| Me 

A 






Voltage to Any Pin with Respect to Vss -0.5toVcct+0.5) V 


Power Dissipation (T 4 = 25°C) PDIP 
SOG 


Operating Temperature T 0 to +70 


NOTE: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are 
exceeded. Functional operation should be restricted to RECOMMENDED 
OPERATING CONDITIONS. Exposure to higher than recommended voltages for 
extended periods of time could affect device reliability. 


= 







Storage Temperature 





DC OPERATING CONDITIONS AND CHARACTERISTICS 
(Vcc =5.0 V +10%, Ta =0 to 70°C, Unless Otherwise Noted) 


RECOMMENDED OPERATING CONDITIONS 





*ViL (min) = —0.3 V de; Viz (min) = —3.0 V ac (pulse width <50 ns) 


DC CHARACTERISTICS 


Operating Current (Read Cycle) 
(E=Vi_, W=Vip, Other Input=Viy/Vit, lout =O mA) 
MCM60L256A-70: tayay =1 us 
MCM60L256A-70: tayvay = 70 ns 
(E=0.2 V, W=Vcc-—0.2 V, Other Input = Vcc — 0.2 V/0.2 V, 
lout =0 mA) MCM60L256A-70: tayay =1 us 
MCM60L256A-70: tayay =70 ns 
Standby Current (E=Vj}y) 
Standby Current (E=>Vcc —0.2 V, Vcc =2.0 to 5.5 V) +MCMB60L256A-70 
MCM60L256A-70 (Ta = 25°C) 
Output Low Voltage (Io, =4.0 mA) 


Output High Voltage (IoH = — 1.0 mA) 





Typical values are referenced to Ta = 25°C and Vcc =5.0 V 


CAPACITANCE (f=1 MHz, Ta =25°C, Periodically Sampled Rather Than 100% Tested) 


Characteristic 


input Capacitance (Vin=0 V) Allinputs Except Da | Cin | | 0 
1/0 Capacitance (Vijo=0 VI pa} cyo | - | 0 | oF | 
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MCM60L256A-70 


AC OPERATING CONDITIONS AND CHARACTERISTICS 
(Vcc =5.0 V +10%, Ta=0 to 70°C, Unless Otherwise Noted) 


Input Pulse Levels .......... 002 eee eee 0.6 V, 2. 4V Output Timing Measurement Reference Levels... . . 0.8 and 2.2 V 
Input Rise/Fall Time... 0... 2... ee ee ee es 5 ns Outpet Losd. 4.2 4. shine eo era ee 4 A ae eS See Figure 1 
Input Timing Measurement Reference Levels... ... Slew EV 


READ CYCLE (See Note 1) 


Se ee 
| TAA 
| tac 
| ton 





ar 
iam 3 
ed 
= 
| LARISA oR ST 
| 10 

are 

ee 

oe 

| 0 | 










oe Hold from Address Change 


[ouput Enable to Ouputtow2 SS —*d ax | or 
Mone 


NOTES: 
1. W is high at all times for read cycles. 
2. All high-Z and low-Z parameters are considered in a high or low impedance state when the output has made a 100 mV transition from the 
previous steady state voltage. 
3. These parameters are periodically sampled and not 100% tested. 










READ CYCLE 


A (ADDRESS) 


E (CHIP ENABLE) 


6 (OUTPUT ENABLE) 





Q (DATA OUT) 





<eg— (GLX —> 
teLaX ——> 
5.0V 
Ri = 930 
TEST POINT 
P 1N914B 
100 pF OR EQUIV. 


* Includes jig capacitance. > = 


Figure 1. AC Test Load 
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MCM60L256A-70 


WRITE CYCLE 1 AND 2 (See Note 1) 


Parameter 


Write Cycle Time 


Address Setup Time taVWL/tAVEL 
Address Valid to End of Write tavwu/taveH | taw | 60 | — | ns | 
Write Pulse Width tWLWH 


Data Valid to End of Write 
Data Hold Time 

Write Low to Output in High-Z 
Write High to Output Low-Z 
Write Recovery Time 


Chip Enable to End of Write tELWH/tELEH tcw 


NOTES: 

1. Outputs are in high impedance state if G is high during Write Cycle. 

2. A write occurs during the overlap (typ) of a low E and a low W. If W goes low prior to E low then outputs will remain in a high impedance 
state. 

3. All high-Z and low-Z parameters are considered in a high or low impedance state when the outputs have made a 100 mV transition from 
the previous steady state voltage. 

4. These parameters are periodically sampled and not 100% tested. 

5. twp is measured from the earlier of E or W going high to the end of write cycle. 








WRITE CYCLE 1 (W CONTROLLED) 


tAVAV 


We 'WHAX 


E (CHIP ENABLE) \\WAA\K ™ AIT ATL SS 


W (WRITE ENABLE) 





‘ 


taywE) —— lack (is 'WHDX 
vom XXKKKXACKKK ome | XERXXKKY 


'WLOZ 'WHOX 


ona un ——** {XY = LY) 
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MCM60L256A-70 


WRITE CYCLE 2 (E CONTROLLED) 


| tAVAV 
tAVEL tELEH tEHAX 


| ‘AVEH 


E (CHIP ENABLE) 


tWLWH 


CONNNNNNANNG _LZTTZZ 


HIGH IMPEDANCE HIGH IMPEDANCE 
Q (DATA OUT) 


‘DVEH tEHDX 


D (DATA IN) . DATA VALID 


DATA RETENTION CHARACTERISTICS (Ta =0 to +70°C) 


Symbol 
Vcc for Data Retention (E=Vcc - 0.2 V) 


Data Retention Current (E=Vcc — 0.2 V) MCM60L256A-70: Vcc =3.0 V 
| Vcc =5.5 V 


Chip Disable to Data Retention Time 
Operation Recovery Time 


*tavav = Read Cycle Time 
**This characteristic is guaranteed to meet 3 nA max at Ta =0 to + 40°C. 






















DATA RETENTION MODE 





DATA RETENTION MODE 






Vec Vor 22.0 V 








. E2=Vpp—0.2 V 
E CONTROL 


NOTE: If the Vip of E is 2.4 V in operation, Igg7 current flows during the period that the Vcc voltage is decreasing from 4.5 V to 2.4 V. 
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MCM60L256A-70 





= 
- 


S 


(G3Z\1VWHON) 39VLIOA HOIH LAdNt ‘Hl, 


Vcc, SUPPLY VOLTAGE (VOLTS) 


Vcc, SUPPLY VOLTAGE (VOLTS) 


Figure 2. Input Low Voltage versus Supply Voltage 


Figure 1. Input High Voltage versus Supply Voltage 








(Q3ZI1VWHON) LN3HYND ONILWHIdO ‘V9 


Ta, AMBIENT TEMPERATURE (°C) 


Figure 3. Operating Current versus Ambient 


Temperature 





UCIT ALT 
UNUM T 
UN 











(Q3ZNWWHON) LN3HUND ABGNVIS ‘18S 








80 100 120 140 
Ta, AMBIENT TEMPERATURE (°C) 


60 


40 


20 


-—40 -20 


- 60 


-40 -20 20 40 60 80 100 120 
Ta, AMBIENT TEMPERATURE (°C) 


— 60 


Figure 5. Igg2 Standby Current versus Ambient 


Figure 4. Ilgg1 Standby Current versus Ambient 


Temperature 


Temperature 
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MCM60L256A-70 





: 





Oe ee ee 
See ERR 
ele eed 





errerrr 
Zee eh eee 






ont YN Oe et AN Oo 
- ll rl rl Ol crw§he—lCc COCUCCOTOOOTOeCsFSC YWOWKWQ 


(QAZIIWWHON) LNAYYND ONILLWH3ad0 ‘VID; 


f, FREQUENCY (MHz) 


f, FREQUENCY (MHz) 


Figure 6. Low Power Operating Current versus 


Figure 7. Operating Current versus Frequency (Write) 


Frequency (Read) 





TAL ET TT 
BEKEREEE 


(Q3ZN1VWHON) IN3YHND AGONWLS ‘68S; 









Vcc. SUPPLY VOLTAGE (VOLTS) 


Figure 8. Low Power isgp2 Standby Current versus 


Supply Voltage 





(G3ZNVWHON) 3WIL SS3I9V SSauady ‘ADAV; 


-40 -20 20 40 60 80 100 120 
T,, AMBIENT TEMPERATURE (°C) 


5.5 — 60 


5.25 


4.75 


4.5 


Vee, SUPPLY VOLTAGE (VOLTS) 


Figure 10. Access Time versus Ambient Temperature 


Figure 9. Access Time versus Supply Voitage 
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MCM60L256A-70 


ORDERING INFORMATION 
(Order by Full Part Number) 


MCM 60L256A XK XX XX 


Motorola Memory eee a ; eee Shipping Method (R2= Tape & Reel, 


Blank = Rails) 
Part Number 
(With L = Low Power Version) Speed (70=70 ns) 
Package (P = Plastic DIP, F= SOG) 


Full Part Numbers— MCM60L256AP70 = MCM60L256AF70 MCM60L256AF70R2 
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MOTOROLA 


=a SEMICONDUCTOR @ 
TECHNICAL DATA 












MCM60256A-C 


Advance Information MCM60L2562A-C | 
32K x8 Bit CMOS Static Random 
Access Memory 


Industrial Temperature Range: — 40 to 85°C 


The MCM60256A-C is a 262,144 bit low-power static random access memory organized : : Y mn 
as 32,768 words of 8 bits, fabricated using silicon-gate CMOS technology. Static design P PACKAGE 
eliminates the need for external clocks or timing strobes, while CMOS circuitry reduces PLASTIC 
power consumption and provides greater reliability. The operating current is 5 mA/MHz CASE 710 


(typ) and the cycle time is 100 ns. For long cycle times (> 100 ns), the automatic power 
down (APD) circuitry will temporarily shut down various power consuming circuits, 
thereby reducing the active power consumption. 

Chip enable (E) controls the power-down feature. It is not a clock but rather a chip 
contro! that affects power consumption. When E is a logic high, the part is placed in low ‘ 3 Cea 
power standby mode. The maximum standby current is 2 nA (TA =25°C). Chip ) enable CASE 751H 
also controls the data retention mode. Another control feature, output enable (G) allows 
access to the memory contents as fast as 50 ns. Thus the MCM60256A-C is suitable for 
use in various microprocessor application systems where high speed, low power, and 
battery backup are required. 

The MCM60256A-C is offered in a 28 pin, 600 mil plastic dual-in-line package and a 
330 mil gull-wing SO package. 

Single 5 V Supply, + 10% 

32K x 8 Organization 

Fully Static — No Clock or Timing Strobes Necessary 

Low Power Dissipation—27.5 mW/MHz (Typical Active) 

Output Enable and Chip Enable Inputs for More System Design Flexibility and Low 

Power Standby Mode 
Battery Backup Capability (Maximum Standby Current=2 nA @ 25°C) 

Data Retention Supply Voltage = 2.0 V to 5.5 V 

All Inputs and Outputs Are TTL Compatible 

Three State Outputs 

Fast Access Time: MCM60256A-C10 and MCM60L256A-C10 = 100 ns (Max) 


BLOCK DIAGRAM 





A5 


> ay | | 
AG > ae | 
A7 pees | | 
Ag = Vcc 7 
Pas MEMORY ARRAY | 4, 
Ag Le____| Row (512 ROWS AND ss 
Ail 5 DECODER 512 COLUMNS) 
A12 Pas | 
A13 Pea Write Enable 
A14 > 


Chip Enable 
2 te awenl 
pao >. INPUT Output Enable 
fa pATA | | COLUMN 40 
CONTROL 
G COLUMN DECODER 


Data Input/Output 
DQ7 
i } 
G 


+5 V Power Supply 
This document contains information on a new product. Specifications and information herein are subject to charige without notice. 














= 7 

Y 
ts 
Ca 
7 \ 
@ 





MOTOROLA MEMORY DATA 


6-24 


MCM60256A-C e MCM60L256A-C 


TRUTH TABLE 


| = | & | W | Mode | Supply Current | 1/0 Pin_| 
TH [x [x | NorSeeced | isp_—+| High 
ic [ # | H | Output Disabled | icc | High _—| 
pe tol whee ee 2 on 
SC 
X=don't care 

ABSOLUTE MAXIMUM RATINGS (See Note) 


Power Dissipation (Ta = 25°C) PDIP WwW 
SOG 


Operating Temperature 
Storage Temperature 


NOTE: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are 
exceeded. Functional operation should be restricted to RECOMMENDED 
OPERATING CONDITIONS. Exposure to higher than recommended voltages for 
extended periods of time could affect device reliability. 


This device contains circuitry to protect the 
inputs against damage due to high static 
voltages or electric fields; however, it is ad- 
vised that normal precautions be taken to 
avoid application of any voltage higher than 
maximum rated voltages to this high- 
impedance circuit. 































DC OPERATING CONDITIONS AND CHARACTERISTICS 
(Vcc =5.0 V +10%, Ta = —40 to 85°C, Unless Otherwise Noted) 


RECOMMENDED OPERATING CONDITIONS 


Parameter 






Supply Voltage (Operating Voltage Range) 
Input High Voltage 


Input Low Voltage 
*ViL (min) = —0.3 V de; Vi_ (min) = —3.0 V ac (pulse width <50 ns) 











DC CHARACTERISTICS 


Parameter 
Input Leakage Current (All Inputs, Vj, =0 to Vcc)  inkatty —_| 
Output Leakage Current (E=Vjy or G=Vipy or W=ViL, Vout =0 to Vcc) Ika) _ 







Operating Current (Read Cycle) 
(E=Vi_, W=Vjp, Other Input= Vip /ViL, lout=O MA) = tavav=1 ws 


15 
tavav = 100 ns 70 

(E=0.2 V, W=Vcc— 0.2 V, Other Input = Vcc — 0.2 V/0.2 V, Icca2 
lout =9 mA) tavav=1 4s 8 
tavav = 100 ns 60 


Standby Current (E = Vj) | isp1 


ae ae ee ee 

hence All MERE EI Kal 
(Ta =25°C) _ 

a es ee ae 


Output Low Voltage (Io, =4.0 mA) Vv 


Typical values are referenced to Ta =25°C and Vcc =5.0 V 


CAPACITANCE (f=1 MHz, Ta =25°C, Periodically Sampled Rather Than 100% Tested) 


Characteristic | Symbol | Min | Max | Unit | 
| pF 


input Capacitance (Vin=0 Vi Kimmccodl G1 0. | 


V/0 Capacitance (Vijo=0 V) pat cyo | = | 0 | oF | 
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MCM60256A-C e MCM60L256A-C 


AC OPERATING CONDITIONS AND CHARACTERISTICS 
(Vcc =5.0 V + 10%, Ta = —40 to 85°C, Unless Otherwise Noted) 


Input Pulse Levels ......... 0.000 eee eee 0.6 V, 2.4 V Output Timing Measurement Reference Levels. .... 0.8 and 2.2 V 
Input Rise/Fall Time ..... 2... 2.0 eee ee ee ee ee 5 ns Output 108d i553 e owl Ce e- s oe OR See Figure 1 
Input Timing Measurement Reference Levels.......... 1.5V 


READ CYCLE (See Note 1) 


ie 
[Chip Enable to Output HighZ————SSSCSCS~S~S~S St 
[output Enable to Output HighZ———SSSSCS~S~S tg 


NOTES: 
1. W is high at all times for read cycles. 
2. Ali high-Z and low-Z parameters are considered in a high or low impedance state when the output has made a 100 mV transition from the 
previous steady state voltage. 
3. These parameters are periodically sampled and not 100% tested. 





READ CYCLE 


A (ADDRESS) 
E (CHIP ENABLE) 


G (OUTPUT ENABLE) 


Q (DATA OUT) —————— ~ WA DATA VALID | 





5.0 V 
Ri = 930 
TEST POINT 
1N914B 
100 pF * 24k OR EQUIV. 


*Includes jig capacitance. >= = 


Figure 1. AC Test Load 
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MCM60256A-C* MCM60L256A-C 


WRITE CYCLE 1 AND 2 (See Note 1) 


A 
parameter | Symbol Symbol 


Write Cycle Time tAVAV | two | 100 | 
Address Setup Time tAVWL/tAVEL | tags | 0 
taw | 80 

R 














Write Pulse Width tWLWH 


A 
Address Valid to End of Write tAVWH/tAVEH 
Data Valid to End of Write tpVWH/tDVEH 











| Data Hold Time 


tWHDX/tEHDX | ton | 


Ww 
Write Low to Output in High-Z tWLOZ 25 ns 3,4 
Write High to Output Low-Z | twHox | twiz | _ 10 [| - | ns | 3,4 | 
twHax/teHAax | twr | 0 | 

Chip Enable to End of Write tELWH/tELEH | tcw | 8 | 


NOTES: 

1. Outputs are in high impedance state if G is high during Write Cycle. 

2. A write occurs during the overlap (typ) of a low E and a low W. If W goes low prior to E low then outputs will remain in a high impedance 
state. 

3. All high-Z and low-Z parameters are considered in a high or low impedance state when the outputs have made a 100 mV transition from 
the previous steady state voltage. 

4. These parameters are periodically sampled and not 100% tested. 

5. twr is measured from the earlier of E or W going high to the end of write cycle. 






WRITE CYCLE 1 (W CONTROLLED) 


TAVAV 


tAVWH 'WHAX 


E (CHIP ENABLE) \AA\ AK a MITTAL. 


W (WRITE ENABLE) 


tavwL —— ds 
orem KX KKK _ meme TRAX 
twLoz tWHOX 


saan 282 {YX VX) 
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MCM60256A-C e MCM60L256A-C 


WRITE CYCLE 2 (E Controlled) 


tAVAV 
tAVEL “ tELEH tEHAX 


———_———| 'AVEH 


E (CHIP ENABLE) 


'WLWH 


PeEANNNNNANNS, _| L777 


HIGH IMPEDANCE HIGH IMPEDANCE 
Q (DATA OUT) 


tDVEH tEHDX 


D(DATAIN) DATA VALID 





DATA RETENTION CHARACTERISTICS (T, = — 40 to 85°C) 


V 





ae a 
ae 
ee Ee kel 
a 
ae IE 


*tayvav = Read Cycle Time 


DATA RETENTION MODE 







DATA RETENTION MODE 


Vec Vor 22.0 V 








_ E=Vpp—0.2 V 
E CONTROL 


NOTE: If the Vij of E is 2.4 V in operation, I$gi current flows during the period that the Vcc voltage is decreasing from 4.5 V to 2.4 V. 
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MCM60256A-Ce MCM60L256A-C 





(G3ZWWHON) JOVLIOA HOIH LfidN ‘Hl, 


Vcc, SUPPLY VOLTAGE (VOLTS) 


Vcc. SUPPLY VOLTAGE (VOLTS) 


Figure 2. Input Low Voltage versus Supply Voltage 


Figure 1. Input High Voltage versus Supply Voltage 








(G3ZIWWHON) INSHYND ONILWHId0 ‘VID 


60 80 100 120 


Ta, AMBIENT TEMPERATURE (°C) 


40 
Figure 3. Operating Current versus Ambient 
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—60 


Temperature 
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— 60 


(G3ZNWWHON) LN3HYND AMONWLS ‘} 9S) 


Ta, AMBIENT TEMPERATURE (°C) 


Figure 5. ig¢g2 Standby Current versus Ambient 


Figure 4. Igpi Standby Current versus Ambient 


Temperature 


Temperature 
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IMCM60256A-C* MCM60L256A-C 


12 





cae eee 
ee eee 
Sasa eRe 
eee eee 
Ee ee ae | 





10 





(O3ZVWHON) LN3YYND ONILYY3d0 ‘VI9) 


a OS 
ThE, 
CHA 
CTA 
CHCA 
COCOA. 
eee ee 


(O3ZN1VWHON) INSHHND ONLWHIdO ‘VID; 


f, FREQUENCY (MHz) 


f, FREQUENCY (MHz) 


Figure 6. Low Power Operating Current versus 


Figure 7. Operating Current versus Frequency (Write) 


Frequency (Read) 


TMT TTT), 
A . 





(G3ZN1VWHON) LNSYHND ABGNVLS ‘CES; 





Vcc, SUPPLY VOLTAGE (VOLTS) 


Figure 8. Low Power Igp2 Standby Current versus 


Supply Voltage 
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Ta, AMBIENT TEMPERATURE (°C) 
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(Q3ZNWWHON) 3WIL SS3I09V sszuday ‘ADAY, 


Vcc, SUPPLY VOLTAGE (VOLTS) 


Figure 10. Access Time versus Ambient Temperature 


Figure 9. Access Time versus Supply Voltage 
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ORDERING INFORMATION 
(Order by Full Part Number) 


MCM 60256A X X XX XX 
Motorola Memory Prefix eh Wee Shipping Method (R2= Tape & Reel, Blank = Rails) 
Part Number Speed (10 = 100 ns) 


Operating Temperature Range 
(C=Industrial Range, — 40 to 85°C) 


eee Package (P = Plastic DIP, F = Gull-Wing SO) 


Full Part Number— MCM60256APC10 MCM60L256APC10 
MCM60256AFC10 MCM60L256AFC10 
MCM60256AFC10R2 MCM60L256AFC10R2 
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MOTOROLA 
aa SEMICONDUCTOR [II 


MCMG60L256A-V 


TECHNICAL DATA 


Advance Information 


32K x8 Bit CMOS Static Random 
Access Memory 
Extended Temperature Range: — 40 to 105°C nee 


The MCMG60L256A-V is a 262,144 bit low-power static random access memory orga- PLASTIC 
nized as 32,768 words of 8 bits, fabricated using silicon-gate CMOS technology. Static 
design eliminates the need for external clocks or timing strobes, while CMOS circuitry 
reduces power consumption and provides greater reliability. The operating current is 
5 mA/MHz (typ) and the cycle time is 100 ns. For long cycle times (> 100 ns), the auto- 


matic power down (APD) circuitry will temporarily shut down various power consuming F PACKAGE 
circuits, thereby reducing the active power consumption. SOG 
Chip enable (E) controls the power-down feature. It is not a clock but rather a chip CASE 751H 


control that affects power consumption. When E is a logic high, the part is placed in low 
power standby mode. The maximum standby current is 2 nA (TA =25°C). Chip enable 
also controls the data retention mode. Another control feature, output enable (G) allows 
access to the memory contents as fast as 50 ns. Thus the MCM60L256A-V is suitable for 
use in various microprocessor application systems where high speed, Jjow power, and 
battery backup are required. 





1¢@ 
The MCM60L256A-V is offered in a 28 pin, 600 mil plastic dual-in-line package and a 2 
330 mil gull-wing SO package. 
@ Single 5 V Supply, + 10% ; 
@ 32K x8 Organization 4 
@ Fully Static — No Clock or Timing Strobes Necessary 5 
@ Low Power Dissipation—27.5 mW/MuHz (Typical Active) g 
@ Output Enable and Chip Enable Inputs for More System Design Flexibility and Low 
Power Standby Mode , : 
@ Battery Backup Capability (Maximum Standby Current=2 pA @ 25°C) 8 
@ Data Retention Supply Voltage = 2.0 V to 5.5 V 
@ All Inputs and Outputs Are TTL Compatible 
@ Three State Outputs 
@ Fast Access Time: MCM60L256A-V10 = 100 ns (Max) 


—— DIAGRAM 


AS : : 

AG | 

A7 

ne MEMORY ARRAY ee 

<i 

Ag ROW (512 ROWS AND Vss , | 

All —oeconen 512 COLUMNS) 
Write Enable 

A12 Chip Enable 
A13 Output Enable 
A14 Data Input/Output 





+5 V Power Supply 
Ground 


pao INPUT 
DATA 









DQ7 
} COLUMN DECODER DECODER 


ao; sj im 
Y 
ee 
ere 
cr 


This document contains information on a new product. Specifications and information herein are subject to change without notice. 
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MCM60L256A-V 


TRUTH TABLE 


Ce [ © | W | Mode | SuppiyCurem | VOPin 
Ta [x [x | Net Seected [isp Hon 

Tf [wt _] Output Disabled [tcc | High 2 
Sig GT OT SC 
Pex LL wite | tec J Din 


X= don't care 


This device contains circuitry to protect the 
inputs against damage due to high static 
voltages or electric fields; however, it is ad- 
vised that normal precautions be taken to 
avoid application of any voltage higher than 
maximum rated voltages to this high- 
impedance circuit. 










ABSOLUTE MAXIMUM RATINGS (See Note) 


[Rating | Symbot [Value | unit | 
Power Supply Voltage |_voo_| —0.3 to +7.0 se 
Voltage to Any Pin with Respect to Vss -0.5 to Vcc + 0.5 < 


Power Dissipation (Ta = 25°C) PDIP 
SOG 


Operating Temperature 
Storage Temperature 


NOTE: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are 
exceeded. Functional operation should be restricted to RECOMMENDED 
OPERATING CONDITIONS. Exposure to higher than recommended voltages for 
extended periods of time could affect device reliability. 











DC OPERATING CONDITIONS AND CHARACTERISTICS 
(Vcc =5.0 V +10%, Ta = — 40 to 105°C, Unless Otherwise Noted) 


RECOMMENDED OPERATING CONDITIONS 





SaaS 


*¥Vi_ (min) = —0.3 V de; Vi, (min) = —3.0 V ac (pulse width <50 ns) 


DC CHARACTERISTICS 


po Parameter | Symbol | min | typ | Max | Unit 
| Input Leakage Current (All Inputs, Vin=OtoVec) tg) | | <o.ot | tt.o | oA 
| Output Leakage Current (E=Vin or G=Vin or W=ViL, Vout=0t0 Vcc) | tngioy) |  —- | <o01 | +10 | oA_| 


Operating Current (Read Cycle) 
(E=Vi_, W=Vyp, Other Input=Vip/ViL, loup=O mA) = tayvqv=1 #s 





















ICCA1 
15 
tavav = 100 ns 70 
(E=0.2 V, W=Vcc-0.2 V, Other Input = Vcc — 0.2 V/0.2 V, ICCA2 
lout = 0 mA) tavav=1 #s 
See 100 ns 





Standby Current (E= | Standby Current (E=ViW) sss 


Standby Current (E=Vcc — 0.2 V, Vcc =2.0 to 5.5 V) 
ao oe ae 


Output Low Voltage 2 a 4.0 mA) 


Om nc =a RON LM HA DRESS EA 


Typical values are referenced to Ta =25°C and Vcc =5.0 V 






CAPACITANCE (f=1 MHz, Ta =25°C, Periodically Sampled Rather Than 100% Tested) 


Characteristic | Symbol | Min | Max | Unit _ 
Input Capacitance (Vin =0 V) All Inputs Except DQ | cy | — | 0 | pF | 





1/0 Capacitance (Vi/o=0 V) pa{ yo | - | 10 | oF 
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MCM60L256A-V 


AC OPERATING CONDITIONS AND CHARACTERISTICS 
(Vcc =5.0 V + 10%, Ta = — 40 to 105°C, Unless Otherwise Noted) 


Input Pulse Levels ........... 02000 cence 0.6V, 2.4V Output Timing Measurement Reference Levels... . . 0.8 and 2.2 V 


Input Rise/Fall Time ............ ewes eae eee. ONS Output LOad «won we tie hee a es. BO See Figure 1 


Input Timing Measurement Reference Levels.......... 15V 


READ CYCLE (See Note 1) 


aramerer | Sambal | 


Alt 
[Read Cycle Time tava tr 
tavav | TAA 
| tac | 
eax | tciz 








< 


RC 
| AC 


| 100 | ns 
| = | 100 | ns 
ee a N00 ie 
|G Access Time tov | toe | | 
ae ae ee 
i ee 
ae a 
a 
aes 


< 


g 


i t 
[Eaves Time SSCS tty ft 


[Output Hod from Address Changs —SSSCS~S~S~S~S tax ton 
oe 

[Chip Enable 10 Output HighZ————SSCSCS~S~S~S tee | tc 
[Output Enable to Output High ———S—SCS~S~S tga tone 


NOTES: 
1. W is high at all times for read cycles. 
2. All high-Z and low-Z parameters are considered in a high or low impedance state when the output has made a 100 mV transition from the 
previous steady state voltage. 
3. These parameters are periodically sampled and not 100% tested. 


g 





READ CYCLE 


A (ADDRESS) 
E (CHIP ENABLE) 


6 (OUTPUT ENABLE) 


HIGH-Z ; HIGH-Z 
so XY we? 


tgLax > 
teLox ——> 








5.0 V 
Ri = 930 
TEST POINT 
‘ 1N914B 
100 pF OR EQUIV. 


*includes jig capacitance. “> = 


Figure 1. AC Test Load 
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MCM60L256A-V 


WRITE CYCLE 1 AND 2 (See Note 1) 











Parameter 






te ie pe ay af 
oe wee 


Address Setup Time tAVWL/TAVEL 


| Address Valid to End of Write | tavwniitaven | taw | 80 || ns | 


| Write Pulse Width Tt tw | ts | 


a 
Data Hold Time ore Ca 
Write Low to Output in High-Z | twuz | 0 | 30 | 


a SOT SS Re oR 
| Write Recovery Time taxiteax | twe | 0 | = | ns | 8 
| Chip Enable to Endof Writs tet witeten | tow | 80 | - | ons | = 


NOTES: 

1. Outputs are in high impedance state if G is high during Write Cycle. 

2. A write occurs during the overlap (typ) of a low E and a low W. If W goes low prior to E low then outputs will remain in a high impedance 
state. 

3. All high-Z and low-Z parameters are considered in a high or low impedance state when the outputs have made a 100 mV transition from 
the previous steady state voltage. 

4. These parameters are periodically sampled and not 100% tested. 

5. typ is measured from the earlier of E or W going high to the end of write cycle. 













WRITE CYCLE 1 (W CONTROLLED) 


TAVAV 


TAVWH 'WHAX 


cow owas \V\K\\¥ _ MLL LLLLL 


W (WRITE ENABLE) 


tavwL —— 'WHDX 
| 
van KKK KKK ere | KY KKK 
twit? 'WHOX 


sox om ——t#2_(YYY) me AY) 
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MCMG60L256A-V 


WRITE CYCLE 2 (E Controlled) 


| tAVAV : : 
tAVEL tELEH tEHAX 


| 'AVEH 


E (CHIP ENABLE) 


tWLWH 


rome TOS 


HIGH IMPEDANCE HIGH IMPEDANCE 
Q (DATA OUT) 


'DVEH tEHDX 


D (DATA IN) DATA VALID ‘ 


DATA RETENTION CHARACTERISTICS (T, = — 40 to 105°C) 


| Min | 
Vcc for Data Retention (E=Vcc — 0.2 V) B20. 2 | 


Data Retention Current (E=Vcc —0.2 V) Vcc =3.0 V 
Vcc=5.5V 


Chip Disable to Data Retention Time | tcpr | 0 | 
Operation Recovery Time tavav™ 


*tavav = Read Cycle Time 





DATA RETENTION MODE 









DATA RETENTION MODE 


Vec Vpr 22.0 V 


: E=Vpr —0.2 V 
E CONTROL 


NOTE: If the Vi} of E is 2.4 V in operation, Iggy current flows during the period that the Vcc voltage is decreasing from 4.5 V to 2.4 V. 
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(Q3ZNVWHON) 39VLIOA HOIH LfidNt ‘HI, 


Vcc, SUPPLY VOLTAGE a 


Vcc, SUPPLY VOLTAGE (VOLTS) 


Figure 2. Input Low Voltage versus Supply Voltage 


Figure 1. Input High Voltage versus Supply Voltage 








(G3Z11VWHON) LN3HHND ONILVHId0 ‘VID; 


Ta, AMBIENT TEMPERATURE (°C) 


Figure 3. Operating Current versus Ambient 


Temperature 





PINT 


Oo Oo - - -_ 
i=) - o 
~ 


(3ZNVWHON) LNIYYND ABGNVLS ‘28S; 





(Q3Z\1WWHON) LN3YYN3 ABONWLS ‘18S; 





- 60 


100 120 140 


80 


Ta, AMBIENT TEMPERATURE (°C) 


60 
Figure 5. igp2 Standby Current versus Ambient 


40 


20 


— 20 


~ 40 


—-40 —-20 20 40 60 80 6100 120 
Ta, AMBIENT TEMPERATURE (°C) 


— 60 


Figure 4. igg1 Standby Current versus Ambient 


Temperature 


Temperature 
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MCM60L256A-V 





(Q3ZNIVWHON) LNJYYND ONILWH3dd “YI 


f, FREQUENCY (MHz) 


f, FREQUENCY (MHz) 


Figure 7. Operating Current versus Frequency (Write) 


Figure 6. Low Power Operating Current versus 


Frequency (Read) 








(G3ZI1VWYON) LNIYND AGONVLS ‘29S 


Voc, SUPPLY VOLTAGE (VOLTS) 


Figure 8. Low Power igp2 Standby Current versus 


Supply Voltage 








(Q3ZNWWYON) JIWIL SS3I99V SS3udoy ‘ADA, 


40 60 80 100 120 


Ta, AMBIENT TEMPERATURE (°C) 


— 20 20 


~ 40 


. 
60 


5.5 


.25 


4.75 


Vcc, SUPPLY VOLTAGE (VOLTS) 


Figure 10. Access Time versus Ambient Temperature 


Figure 9. Access Time versus Supply Voltage 
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ORDERING INFORMATION 
(Order by Full Part Number) 


MCM 60L2566A X X XX XX 


Motorola Memory Prefix to LL Shipping Method (R2= Tape & Reel, Blank = Rails) 
Part Number Speed (10 = 100 ns) 
Operating Temperature Range 


(V = Extended Range, — 40 to 105°C) 
Package (P = Plastic DIP, F = Gull-Wing SO) 
Full Part Number — MCM60L256APV10 


MCM60L256AFV 10 
MCMB60L256AFV10R2 
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CMOS Fast Static RAMs 
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FAST STATIC RAMs (70 ns or Faster 


Motorola Address/ Operating 
Organi- Part Packaging Cycle Time Current Tech- 
Density! zation | Number Package Width in mils ns Max) mA_max nolog 
| 2Kx8 | 24 | 
| 20 
| 20 | 













900 PDIP, SS T1385 NS | 

300 PDIP, «df 20/25/35/45/55]_ 110/110/110/80/80_| HCMOS | 

900 PDIP 20/25/35 10 HC | 
IMCM6270_| 24/22 |300 SOJ/PDIP__ | 20/25/35 | 110 HMO | 

8Kx8 |MCM6264__| 28 {300/400 _SOJ/300 PDIP__| 35/45/55 | 100/90/80___—| HOMOS | 
IMCM6264D_|__ 28 _|300/400_SOQv/300 PDIP__| 20/25, | 415/110 | HOMO | 
IMCM6264___ |= 28 (300 PDIPSOJ | SOHO | 
IMCM6264C_| 28 [300/400 _SOJ/300 PDIP | _35/45/55__|_— 1000/90/80 ___| HOMOS | 
IMCM6264D-C|_28 {300/400 _SQw/300 PDIP__| 25/30 | 115/110 | HM | 
IMCM6264C_| 28 [300 PDIP/SOJ_ | 20 OHMS | 
|_8Kx9_|MCM6265__|_28 [300 SOW/PDIP__ | 15/20/25 | 1.40/130/120__| HCNOS | 
| Tekx4 MeMense 1 221300 POF ——_112/45/20/28/38/ 150/140/120/120/1 10) HOWDS: 
IMcM6290__ | 24 {300 SOW/PDIP__ sd. 1.2/1 5/20/25/35] 150/140/120/120/110] HCNOS | 
|_64Kx1_|MCM6287__|_ 24/22 |300 SOW/PDIP___ dt. 12/15/20/25/35| 150/140/130/1 20/110] HCMOS | 
McM6206__|__28 |400 SOv/600 PDIP | 30/35/45 | 130/125/115 | HOMOS | 
IMCM6206__ | 28__(300 SOW/PDIP_ | 1. 7/20/25/35 | 155/150/140/135 | HCMOS | 
iMcme206C_| 28 {300 SOQWPDIP_ | 25/35/45 | 140/14 35/130_ | HOMOS | 
IMCM6706_ | 28 1300 SON 10/12/15 1 80/170/160___| BICMOS | 

| | 92Kx8 PMcMe2os_f 321900 SOWPDIE__}_17/20/28/38_ | 158/150/140/135 1 HONS. 
_|McMe20sC_|_32_ [300 SQJ/PDIP_ | 25/35/45 | 1.40/135/130____| HENS | 
IMcM6208_ | 24__(1300 SOW/PDIP_ | 15/20/25/35 | _155/145/135/125 | HCMOS | 
IMCM6708___ | 24 j300 SOU 10/12/15 1 80/1 70/160 ___ | BICMOS | 
IMcM6209_ | 28 1300 SOW/PDIP_ | 15/20/25/35 | _155/145/135/125__ | HCMOS | 
IMCM6709_ | 28/300 SOJ_ 10/12/15 1 80/170/160 __| BICMOS 

| 256Kx1_|MCM6207__| 24 (300 SOWPDIP_ | 15/20/25 | 150/140/130 | HCMOS | 
| TM | ieekxe IMeMs226 1 _32_1400 SOWPDIE —____1_28/80_1_150/449_} Hops 
| 256Kx4 |MCM6228___]_—28 }400 SOWPDIP_ | 25/30 145/135 | HOMO | 
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MOTOROLA 


m2 SEMICONDUCTOR oo 
TECHNICAL DATA 


NMiCM6164 


8K x 8 Bit Fast Static Random MCM61L64 
Access Memory 


The MCM6164/MCM61L64 is a 65,536 bit static random access memory organized as 
8192 words of 8 bits, fabricated using Motorola’s second-generation high-performance sili- 
con-gate CMOS (HCMOS III) technology. Static design eliminates the need for external 
clocks or timing strobes, while CMOS circuitry reduces power consumption and provides 
greater reliability. 

The chip enable pins (E1 and £2) are not clocks. Either pin, when asserted false, causes 
the part to enter a low power standby mode. The part will remain in standby mode until 
both pins are asserted true again. The availability of active high and active low chip enable 
pins provides more system design flexibility than single chip enable devices. 

The MCM6164/MCM61L64 is available in a 600 mil, 28 pin ceramic dual-in-line package, 
with JEDEC standard pinout. 

Single 5 V Supply, + 10% 

8K x 8 Organization 

Fully Static — No Clock or Timing Strobes Necessary 
Fast Access Time — 45, 55 ns (Maximum) 

Low Power Dissipation — 495, 440 mW (Maximum, Actit 
Low Power/Data Retention Version (MCM61L64 
Fully TTL Compatible 
Three State Data Outputs 
Also Available in Industri 


C PACKAGE 
CERAMIC 
CASE 733 



















PIN ASSIGNMENT 





AS 
A6 
A7 
A8 
A9 
A10 
All 
Al2 


MEMORY ARRAY 
(256 ROWS 
256 COLUMNS) 


Chip Enable 
Output Enable 


Data Input/Output 
+5 V Power Supply 





a 21 > @ 
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MCM6164° MCM61L64 


TRUTH TABLE 


| Not Selected | tsp | High 
| Not Selected | tsp | HighZ 
i 


ae 
Cc 
CC 









X=don’t care 


ABSOLUTE MAXIMUM RATINGS (See Note) 


Symbol | Value ___|_Unit | 
Power Supply Voltage —0.5 to +7.0 . 


Voltage Relative to Vss for Any Vin, Vout | —0.5 to Vcc +0.5]} V 
Pin Except Vcc 


JOutput Current (per /0) | tout | 20 | mA 
[Power Dissipation (Ta=25°C), | Pp | |W 

[se 
TA 


This device contains circuitry to protect the 
inputs against damage due to high static 
voltages or electric fields; however, it is ad- 
vised that normal precautions be taken to 
avoid application of any voltage higher than 
maximum rated voltages to this high- 
impedance circuit. 






Temperature Under Bias Tbias °C 
Operating Temperature | ta [| ow+m | °c | 
Storage Temperature —65 to +150 


NOTE: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are 
exceeded. Functional operation should be restricted to RECOMMENDED 
OPERATING CONDITIONS. Exposure to higher than recommended voltages for 
extended periods of time could affect device reliability. 








DC OPERATING CONDITIONS AND CHARACTERISTICS 
(Vcc=5.0 V +10%, Ta=0 to 70°C, Unless Otherwise Noted) 


RECOMMENDED OPERATING CONDITIONS 


¥Vi_ (min) = —0.3 V dc, Vi_ (min) = —3.0 V (pulse width <20 ns) 









DC CHARACTERISTICS 







Input Leakage Current (All Inputs, Vj; =0 to Vcc) : 
Output Leakage Current (E7=Vjpy, E2=ViL, or G=ViH, Vout=0 to Vcc) : 


| = 0.3" 
a 
ee 
Power Supply Current tavav = 45 ns Icc al 
(ET =Vi_, E2=Vin, lout =0) tavav =55 ns 80 
sea 
ba 
| 24 








Standby Current (ET =Vjy or E2=Vj,) | ige1 
Standby Current (E1=Vcc—0.2 V or E2<0.2 V) MCM6164 ie 






MCM61L64 


Output Low Voltage (Io, =8.0 mA) 
Output High Voltage (Igy = — 4.0 mA) 


Typical values are referenced to Ta = 25°C and Vcc =5.0 V 





CAPACITANCE (f=1.0 MHz, Ta =25°C, Periodically Sampled Rather Than 100% Tested) 


Input Capacitance All Inputs Except DO 
Input/Output Capacitance Da 





MOTOROLA MEMORY DATA 


7-4 


—MCM6164e MCM61L64 


AC OPERATING CONDITIONS AND CHARACTERISTICS 
(Vcc = 5V +10%, TA=0 to +70°C, Unless Otherwise Noted) 


input Timing Measurement Reference Level .......... 1.5V Output Timing Measurement Reference Level . . . 0.8 V and 2.0 V 
Input Pulse: Level§. oi: 6:6 604 we eek ware er ees 0 to 3.0 V Output Loads «. sic. s.4 Sw ee ee 4 aes Bo we ee a Figure 1 
Input Rise/Fall Time ............ 0000 eee ee eee 5 ns 


READ CYCLE (See Note 1) 














MCM6164-45 
MCM61L64-45 


MCM6164-55 
MCM61L64-55 





Characteristic 


| 45 

=a 

Sigess ne ee ei ee 

|E2AccessTime | tev | staca2 * | — | 4 | | ons | 
poe 
pat oaed 
ache! 








Kana! SRT (Se es 
Pott an Rae Oe || 
ae ee 

[Output Enable to OutputtowZ | tctax | torz | 0 | ~ | o | ~ | ns | 23 
[Chip Enable to Output HighZ | teraz teraz | tcuz | 0 | 2 | o | 2% | ns | 23 | 
| Output Enable to Output HighZ | tgHoz | tonz | 0 | 2 | o | aw {ns [| 23 | 


NOTES: 
1. Wis high at all times for read cycles. 
2. All high-Z and low-Z parameters are considered in a high or low impedance state when the output has made a 500 mV transition from the 
previous steady state voltage. 
3. Periodically sampled rather than 100% tested. 








A (ADDRESS) 


& (OUTPUT ENABLE) 


HIGH-Z ' HIGH-Z 
soma 00 Crs 


teLax 
te1LOX 
tE2HOX 





TIMING LIMITS +5 
The table of timing values shows either a minimum or a 


maximum limit for each parameter. Input requirements are ae 

specified from the external system point of view. Thus, address 1/0 

setup time is shown as a minimum since the system must 30 pF 

supply at least that much time (even though most devices do 255 (INCLUDING 
not require it). On the other hand, responses from the memory SCOPE AND JIG) 


are specified from the device point of view. Thus, the access 
time is shown as a maximum since the device never provides 
data later than that time. a 


Figure 1. Test Load 
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MCM6164e MCM61L64 


WRITE CYCLE 1 (W CONTROLLED) (See Note 1) 


MCM6164-45 
Characteristic Symbol MCM61L64-45 


Write Cycle Time tAVAV 
Address Setup Time 


Address Valid to End of Write tAVWH 


Write Pulse Width 
Data Valid to End of Write 
Data Hold Time 


Write Low to Output in High-Z 
Write High to Output LowZ 
Write Recovery Time tw 


NOTES: 
1. A write cycle starts at the latest transition of a low E1, low W or high E2. A write cycle ends at the earliest transition of a high E71, high W 
or low E2. 

. If W goes low coincident with or prior to ET low or E2 high then the outputs will remain in a high impedance state. 

3. During this time the output pins may be in the output state. Signals of opposite phase to the outputs must not be applied at this time. 


4. All high-Z and low-Z parameters are considered in a high or low impedance state when the output has made a 500 mV transition from the 
previous steady state voitage. 


5. Periodically sampled rather than 100% tested. 





ho 


TAVAV 





tWHAX 
E (CHIP ENABLE) 
W (WRITE ENABLE) 
tAVWL hate tWHDX 
vox XXXKXXAKXAK evn | KXXXXXNX 
twLaz tWHOX 


Q (DATA OUT) = OO Bees eaee 





oS Ol ie 
re ae ae a a a oa 
= ae ae i 
= Veo Ga ee ee ia 
Bota a | 
CHARACTERISTICS > 
= as a aa Cn a Ge a oa OB A 
= BEEEEEEEFAEE EEE 
—_ 
[=] 
oo Oe a ie oe 
ca ae FY Ga a a 
=O el ae A i ay Us ay a 
ger SC a a Oa ae 
ee Gt i a en a Ga elec tlielid 
0 0.4 0.8 12 1.6 2.0 2.4 2.8 3.2 


ADDRESS INPUT LEVELS (V) 


Figure 2. Access Time Versus Address Input Levels 





MOTOROLA MEMORY DATA 


7-6 


MCM6164e MCM61L64 


WRITE CYCLE 2 (ENABLE CONTROLLED) (See Notes 1 and 2) 


Characteristic a MCM61L64-45 MCM61L64-55 jo | mee 
| min | Mex | Min | Max | 

| we | 4 | = {| | - [ons | 

Es Okt a 


tAVEIL 
| terpx | tH | 
NOTES: 


1. A write cycle starts at the latest transition of a low E1, low W or high E2. A write cycle ends at the earliest transition of a high E1, high W 
or low E2. 

2. E1 and E2 timings are identical when E2 signals are inverted. 

3. If W goes low coincident with or prior to E1 low or E2 high then the outputs will remain in a high impedance state. 

4. During this time the output pins may be in the output state. Signals of opposite phase to the outputs must not be applied at this time. 





TAVAV 


san m XXXX XXX AKL KELKKRKKEK =| KKKKKKK 


tOVE1H tE1HDX 








E (CHIP ENABLE) 


tAVEIL tE1LE1H 


HIGH-Z 





Q (DATA OUT) 


LOW Vcc DATA RETENTION CHARACTERISTICS (T, =0 to +70°C) (MCM61L64 Only) 


Vcc for Data Retention 


(E1=Vcc—0.2 V or E2<0.2 V, Vin=VeC — 0.2 V or Vin 0.2 V) 


Data Retention Current 
(Vcc =3.0 V, E12=2.8 V or E2<0.2 V, Vin 22.8 V or Vin <0.2 V) 


Chip Disable to Data Retention Time (see waveform below) 


Operation Recovery Time (see waveform below) 





*tayvav = Read Cycle Time 










DATA RETENTION MODE 


Vcc Vpp = 2.0 V 


a 12=VpR—0.2 V 
E1 CONTROL 


E2 CONTROL E2<0.2 V 
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MCM6164e MCM61L64 


TYPICAL CHARACTERISTICS 
(Continued) 








INET TTL 
ENG TEE 
GERERUERES 
LITT TH, 
eee 








nts 
EEE, 





(v4) LNIHEND | 8S) 


Vcc, SUPPLY VOLTAGE (V) 


Ta, AMBIENT TEMPERATURE (°C) 


Figure 4. Standby Current Versus Supply Voltage 


Figure 3. Standby Current Versus Temperature 





(v7) INauHND 28S) 





Vcc, SUPPLY VOLTAGE (V) 
Figure 6. Standby Current Versus Supply Voltage 


Ta, AMBIENT TEMPERATURE (°C) 


Figure 5. Standby Current Versus Temperature 





‘ 
TACT TTL 
ERLULOSE 
BREKGREE? 
TEEN TL 
BERERNGE 
TET TAL 








L~ a 
+7 NT Oa mR wa kh ew 
—= Se 


(3ZNVWHON) LN3YYND VII) 


BEEERTEE 
BRREREE 
ft deL ty 
TAT, 


80 





(G4ZN1VWYON) LNIYEND VII) 


NEGEREES 


Vcc. nae ae (V) 


ae AMBIENT TEMPERATURE (°C) 


Figure 8. Supply Current Versus Supply Voltage 


Figure 7. Supply Current Versus Temperature 
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MCM6164e MCM61L64 


TYPICAL CHARACTERISTICS 


(Continued) 





-“-SO0 Dos coe oO 


(G3ZNVWHON) LNIWUND VII) 


tavay, CYCLE TIME (ns) 


T/tAVAV. FREQUENCY (MHz) 


Figure 10. Supply Current Versus Cycle Time 


Figure 9. Supply Current Versus Frequency 





(G3Z11VINYON) ADHZ3} ‘ADIL; ‘ADAV: 


Vcc, SUPPLY VOLTAGE (V) 
Figure 12. Access Time Versus Supply Voltage 


Ta, AMBIENT TEMPERATURE (°C) 


Figure 11. Access Time Versus Temperature 





I 


BRRRRRRGPA 
HH 








(G3ZNVWYON) ADIS: 


Vcc, SUPPLY VOLTAGE (V) 


Ta, AMBIENT TEMPERATURE (°C) 


Figure 14. Access Time Versus Supply Voltage 


Figure 13. Access Time Versus Temperature 
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MCM6164e MCM61L64 


ORDERING INFORMATION 
(Order by Full Part Number) 


MCM 6164 or 61164 C XX 


Motorola Memory Prefix eee (oo Speed (45 = 45 ns, 55=55 ns) 


Part Number Package (C = Ceramic DIP) 
(with L=Low Power Version) 


Full Part Numbers— MCM6164C45 MCM6164C55 MCM61L64C45 MCM61L64C55 
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MOTOROLA 
= SEMICONDUCTOR Ie 
TECHNICAL DATA 


VICM6164C 


Advance Information 


8K x 8 Bit Fast Static Random 


Access Memory 
Industrial Temperature Range: — 40 to 85°C 


The MCM6164C is a 65,536 bit static random access memory organized as 8192 words 
of 8 bits, fabricated using Motorola’s second-genération high-performance silicon-gate 
CMOS (HCMOS III) technology. Static design eliminates the need for external clocks or 
timing strobes, while CMOS circuitry reduces power consumption and provides greater 
reliability. With its operating temperature range of —40°C to +85°C and hermetic pack- 
age, the MCM6164C is ideally suited for harsh industrial type environments. 

The chip enable pins (E1 and E2) are not clocks. Either pin, when asserted false, causes 
the part to enter a low power standby mode. The part will remain in standby mode until 
both pins are asserted true again. The availability of active high and active low chip enable 
pins provides more system design flexibility than single chip enable devices. 

The MCM6164C is available in a 600 mil, 28 pin ceramic dual-in-line pac 
JEDEC standard pinout. 


Single 5 V Supply, + 10% 
8K x 8 Organization 
Fully Static—No Clock or Timing Strobe 


C PACKAGE 
CERAMIC 
CASE 733 





















PIN ASSIGNMENT 


Low Power Beeston’: 
Fully TTL Compatible .« 





@©e2e@0e0080 0 
“Ti. 
o 
a 
Pa 
> 
i?) 
Oo 

: @ 
& 
- a 
vs 
° 
8 
1°} 
= 
~~ 
So 
~ 
7) 
= 
cx. 
2. 


A5 
A6 
A7 
A8 
Ag 


MEMORY ARRAY 
(256 ROWS 
256 COLUMNS) 





A10 Write Enable 
All Chip Enable 
Output Enable 

Al2 . Data Input/Output 
+5 V Power Supply 

“TP wane on 
pa7 — >—{ CONTROL No Connection 

u COLUMN } COLUMN SELECT | 
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This document contains information on a new product. Specifications and information herein are subject to change without notice. 
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MCM6164C 


TRUTH TABLE 


Supply Current 1/0 Pin 
Not Selected 
. Not Selected 





ee eee 
a ee 
X=don’t care 


ABSOLUTE MAXIMUM RATINGS (See Note) 


Symbot | Valve | Unit 
Power Supply Voltage —0.5 to +7.0 


Voltage Relative to Vss for Any Vin» Vout | —9.5 to Vcc +0.5 
Pin Except Vcc 


V 
Foun comet parvo) ———~d?taw | a0—| ma 
Power Dspaion a=25°0 ————~| #40 —*«d| Ww 


NOTE: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are 
exceeded. Functional operation should be restricted to RECOMMENDED 
OPERATING CONDITIONS. Exposure to higher than recommended voltages for 
extended periods of time could affect device reliability. 


This device contains circuitry to protect the 
inputs against damage due to high static 
voltages or electric fields; however, it is ad- 
vised that normal precautions be taken to 
avoid application of any voltage higher than 
maximum rated voltages to this high- 
impedance circuit. 

























DC OPERATING CONDITIONS AND CHARACTERISTICS 
(Vcc =5.0 V +10%, TA = —40 to 85°C, Unless Otherwise Noted) 


RECOMMENDED OPERATING CONDITIONS 










Input Low Voltage | 


*Vi_ (min) = —0.3 V de, Vi_ (min) = —3.0 V (pulse width <20 ns) 


DC CHARACTERISTICS 


| Characteristic | Symi | 
Input Leakage Current (All Inputs, Vjj, =0 to Vcc) | Ika) _| 





Input High Voltage Pees 


Typ 
i Typ 
=01%0V 12.0 
Power Supply Current | tavav = 55 ns Icc oe 80 
(E1=Vi_, E2=ViH, lout =0) tavay = 70 ns 70 
[Standby Current (E1=Viy or =v) ———SSC—~—“—~sS*s~—~CSsS~*wCw | dtm 
| Standby Current (E1=Vcc— 0.2 V or E2<0.2 V) | Igp2 | | 0.008 | 31.0 =| mA | 


Output Low Voltage (Io, =8.0 mA) | VOL 


Output High Voltage (Io = — 4.0 mA) | Von | 


Typical values are referenced to Ta =25°C and Vcc =5.0 V 











CAPACITANCE (f=1.0 MHz, Ta =25°C, Periodically Sampled Rather Than 100% Tested) 


Characteristic 


Input Capacitance All inputs Except DQ 


Input/Output Capacitance Da 
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MCM6164C 


AC OPERATING CONDITIONS AND CHARACTERISTICS 
(Vcc =5 V +10%, Ta = —40 to +85°C, Unless Otherwise Noted) 


+5V 
Input Timing Measurement Reference Level .......... 1.5V 
Input Pulse Levels .... 2.2.0.2... ..0 00.000. eee 0to3.0V 480 
Input. Rise/ Fall Time” e332 -2eck. es Oe eae EES 5 ns 
Output Timing Measurement Reference Level .. . 0.8 V and 2.0 V 
OUT EGA). oii: te 6 se ae oh Ben ee a eee en Se ale Figure 1 
30 pF 
- (INCLUDING 


- SCOPE AND JIG) 





READ CYCLE (See Note 1) 


tOH 
TEILOX. te2HOX 
Output Enable to Output Low-Z 





NOTES: 
1. W is high at all times for read cycles. 
2. All high-Z and low-Z parameters are considered in a high or low impedance state when the output has made a 500 mV transition from the 
previous steady state voltage. 
3. Periodically sampled rather than 100% tested. 


A (ADDRESS) 





tavav taxOx 


G (OUTPUT ENABLE) 


HIGH-2 ; 
i“ 00, Se 


tGLax 
te1LOX_ 
te2HOX 





MOTOROLA MEMORY DATA 


7-13 





MCM6164C 


WRITE CYCLE 1 (W CONTROLLED) (See Note 1) 




















Notes 


Parameter Symbol 


TAVAV 


Address Setup Time tas 


mcmeiesccss | MCM6164CC70 Noa | 


Write Cycle Time = 

| tas | 
Address Valid to End of Write | = | 
Write Pulse Width 
Data Valid to End of Write 
Data Hold Time | ss twHox || tpH 
Write Low to Output in High-Z 
Write High to Output Low-Z 
Write Recovery Time | 


NOTES: 
1. A write cycle starts at the latest transition of a low E1, low W or high E2. A write cycle ends at the earliest transition of a high E1, high W 

or low E2. 

. If W goes low coincident with or prior to ET low or E2 high then the outputs will remain in a high impedance state. 

3. During this time the output pins may be in the output state. Signals of opposite phase to the outputs must not be applied at this time. 

4. All high-Z and low-Z parameters are considered in a high or low impedance state when the output has made a 500 mV transition from the 
_ previous steady state voltage. 

5. Periodically sampled rather than 100% tested. 





| Min | Max | Min | Max_| 
aes ee ie 
oe ee ee ae ee 
a ie ee ee 
oe ae ee ae 
ee ee ee 
es ae 

Renee Oe oe 
ee hee ee ee ee 
See ae ee Oe ae 


i) 


tAVAV 


A (ADDRESS) 





tAVWH tWHAX 


E (CHIP ENABLE) 


W (WRITE ENABLE} 


bad 
pwn XK KAKA etme | OARXXKOKXXN 
twLaz tWHOX 
sano #82 _{ YY yy) 
TIMING PARAMETER ABBREVIATIONS TIMING LIMITS 
t X KX X X The table of timing values shows either a minimum or a 


signal name from which interval is defined 
transition direction for first signal 
signal name to which interval is defined 


maximum limit for each parameter. Input requirements are 
specified from the external system point of view. Thus, address 
setup time is shown as a minimum since the system must 


E 


transition direction for second signal supply at least that much time (even though most devices do 

not require it). On the other hand, responses from the memory 

The transition definitions used in this data sheet are: are specified from the device point of view. Thus, the access 

H = transition to high . time is shown as a maximum since the device never provides 
L=transition to low _ data later than that time. 


V =transition to valid 
X=transition to invalid or don’t care 
Z=transition to off (high impedance) 
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MCM6164C 


WRITE CYCLE 2 (ENABLE CONTROLLED) (See Notes 1 and 2) 


MCM6164CC66 MCM6164CC70 
Parameter Notes 


| Max | Min | Max | 
tAVAV ce ee ee 
ae ee eS 
ee ee a ee 
ee a ee 

a 
R 















[Data Vaid to End of Wits SSS*d ver tow es 
whats tr te | ee 
Wine Recovery Time ——SSSS™SCSC~wS gx st tw PO Pe) 


NOTES: 
1. A write cycle starts at the latest transition of a low ET, low W or high E2. A write cycle ends at the earliest transition of a high ET, high W 
or low E2. 
2. ET and E2 timings are identical when E2 signals are inverted. 
3. If W goes low coincident with or prior to ET low or E2 high then the outputs will remain in a high impedance state. 
4. During this time the output pins may be in the output state. Signals of opposite phase to the outputs must not be applied at this time. 


| | Min 

i i 6B | 
Os | 

| Address Valid to End of Write = |S tAVEIN, ~— | taw | 80 
| 50 | 

za 
a 





tava 


E (CHIP ENABLE) 





<-—————_—— tAVE1L a ————— tE1LE1H tE1HAX 
van n XXXXXKEKAKLARLAKLKELK =| XKKKKKK 
tOVE1H tE1HDX 
HIGH-Z 


Q (DATA OUT) 
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MCM6164C 


TYPICAL CHARACTERISTICS 





NUTTY 
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Vcc, SUPPLY VOLTAGE (VOLTS) 


TA. per TEMPERATURE (°C) 


Figure 3. Standby Current Versus Supply Voltage 


Figure 2. Standby Current Versus Temperature 
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Vcc, SUPPLY VOLTAGE (VOLTS) 


Ta, AMBIENT TEMPERATURE (°C) 


Figure 5. Standby Current Versus Supply Voltage 


Figure 4. Standby Current Versus Temperature 
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Vcc. SUPPLY VOLTAGE (VOLTS) 


Ta, AMBIENT TEMPERATURE (°C) 


Figure 6. Supply Current Versus Temperature 


Figure 7. Supply Current Versus Supply Voltage 
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MCM6164C 


TYPICAL CHARACTERISTICS 
(Continued) 


2 NV = O22 2 yy 2 
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NI. 
NS 
SS 


tavay, CYCLE TIME (ns) 


T/tavAy, FREQUENCY (Miz) 


Figure 9. Supply Current Versus Cycle Time 


Figure 8. Supply Current Versus Frequency 
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Vcc, SUPPLY VOLTAGE (VOLTS) 


i. AMBIENT TEMPERATURE (°C) 


Figure 11. Access Time Versus Supply Voltage 


Figure 10. Access Time Versus Temperature 
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Vcc, SUPPLY VOLTAGE (VOLTS) 


Ta, AMBIENT TEMPERATURE (°C) 


Figure 13. Access Time Versus Supply Voltage 


Figure 12. Access Time Versus Temperature 
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MCM6164C 


ORDERING INFORMATION 
(Order by Full Part Number) 


MCM 6164 C C_ 55 

Speed Indicator 

Package 

Operating Temperature Range 


Part Number 


i= 


Motorola Memory Prefix 


Full Part Number—MCM6164CC55 or MCM6164CC70 
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MOTOROLA 


a SEMICONDUCTOR 
TECHNICAL DATA 


Advance Information 


32K x 9 Bit Fast Static Random 
Access Memory 


The MCM6205 is a 294,912 bit static random access memory organized as 32,768 words 
of 9 bits, fabricated using Motorola’s high-performance silicon-gate CMOS technology. 
Static design eliminates the need for external clocks or timing strobes, while CMOS circui- 
try reduces power consumption and provides for greater reliability. 

The chip enable pins (E1 and E2) are not clocks. Either pin, when asserted false, causes 
the part to enter a low power standby mode. This feature provides significant system-level 
power savings. The part will remain in standby mode until both pins are asserted true 
again. Another control feature, output enable (G), allows access to the memory contents 
as fast as 12.5 ns (MCM6205-30). 

The MCM6205 is packaged in a 300 mil, 32 pin plastic dual-in-line package or a 32 lead, 
300 mil plastic SOJ package with the JEDEC standard pinout. 


@ Single 5 V Supply, + 10% 

@ Fast Access Time—30, 35, and 45 ns (Maximum) 

@ Chip Controls: Chip Enable (E1, E2) for Reduced-Power Standby Mode 
Output Enable (G) for Fast Access to Data 

@ Three State Outputs 

@ Fully TTL Compatible 

@ High Board Density SOJ Package Available 


BLOCK DIAGRAM 


io——1-3 
A3 > ea 
A ok a 
4 > Soa MEMORY ARRAY  Vsg 
AG Poe 256 ROWS x 
¢ DECODER 128 x 9 COLUMNS 
AT > SEER 
AQ eo! 
Ato > 2a 
All foe tay 








path —- COLUMN 1/0 


CONTROL 
coun necooen | DECODER 


RI 
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This document contains information on a new product. Specifications and information herein are subject to change without notice. 
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il 


NP PACKAGE 
300 MIL PLASTIC 
CASE 83 


a 
NJ PACKAGE 
300 MIL SOJ 
CASE 857 


Write Enable 

Chip Enable 

Output Enable 

Data Input/Output 
+5 V Power Supply 








MCM6205 


TRUTH TABLE 


Pei[e2 [S| W Mode | Supply Current | VOPin| Cycle | 
Ta | x [x [x | Wot Setected | Igptsisan | Hinz | — 
Pe [x 2c] Not Selected | Isp1. lez | Hioh-z 
Tifa [ww [ouput pied] icc | Hiahz | 
Peta itw] ped [toc | Dour | Read Cycle 
Peta fe pe wie [tec [Din | Wit Cycle 


X= don’t care 











ABSOLUTE MAXIMUM RATINGS (See Note) 


Symbol | Value __| Unit | 
Power Supply Voltage -0.5 to +7.0 


Voltage Relative to Vss for Any Vin» Vout | —0.5toVcct+0.5]; V 
Pin Except Vcc 


[Output Curent par) ———Sid gg | m | 
Power Disipaton a=2s°c) + rp | tw 
[operating Terporture +d it~ | ow+m | c | 


Storage Temperature — Plastic 

NOTE: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are 
exceeded. Functional operation should be restricted to RECOMMENDED 
OPERATING CONDITIONS. Exposure to higher than recommended voltages for 
extended periods of time could affect device reliability. 

















This device contains circuitry to protect the 
inputs against damage due to high static 
voltages or electric fields; however, it is ad- 
vised that normal precautions be taken to 
avoid application of any voltage higher than 
maximum rated voltages to this high- 
impedance circuit. 


This CMOS memory circuit has been de- 
signed to meet the dc and ac specifications 
shown in the tables, after thermal equilib- 
rium has been established. The circuit is in 
a test socket or mounted on a printed circuit 
board and transverse air flow of at least 500 
linear feet per minute is maintained. 


DC OPERATING CONDITIONS AND CHARACTERISTICS 
(Vcc =5.0 +10%, Ta=0 to 70°C, Unless Otherwise Noted) 


RECOMMENDED OPERATING CONDITIONS 


*Vi_ (min) = —0.3 V de; Vi_ (min) = —2.0 V ac (pulse width < 20 ns) 











DC CHARACTERISTICS 


Power Supply Current 


Ww (tavav = 30 ns) 
(E=Viz, lout =9, Voc = Max) 


(tayvav = 35 ns) 
(tavav = 45 ns) 


[output low Votage ou=80ma) 


CAPACITANCE (f= 1.0 MHz, Ta =25°C, periodically sampled and not 100% tested.) 
Characteristic 


Input Capacitance 


1/O Capacitance | 
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MCM6205 


AC OPERATING CONDITIONS AND CHARACTERISTICS 
(Vcc =5 V +10%, Ta =0 to +70°C, Unless Otherwise Noted) 


Input Timing Measurement Reference Level .......... 1.5V Output Timing Measurement Reference Level ......... 1.5V 
Input: Pulse: Levels. 6.5.ce 6 & as Ge We ee aes 0 to 3.0 V Output Load.......... See Figure 1A Unless Otherwise Noted 
Input Rise/Fall Time .......... 0.2.0 eee ee eens 5 ns 


READ CYCLE (See Notes 1 and 2) 


Parameter 


| tcuov_| 
| tcHaz_| 





NOTES: 1. W is high for read cycle. 

. ET and E2 are represented by E in this data sheet. E2 is of opposite polarity to ET. 

. All read cycle timing is referenced from the last valid address to the first transitioning address. 

. Addresses valid prior to or coincident with E going low. 

. At any given voltage and temperature, teHQz max<tELQx min, and tgHQz Max<tELQ x min, both for a given device and from 
device to device. 

. Transition is measured +500 mV from steady-state voltage with load of Figure 1B. 

. This parameter .is sampled and not 100% tested. 

. Device is continuously selected (E<Vj and G<Vj). 





of WN 


for) 


on 


READ CYCLE 1 (See Note 8 Above) 











tAVAV 
A (ADDRESS) 
Q (DATA OUT) PREVIOUS DATA VALID DATA VALID 
bee tavav 
READ CYCLE 2 (See Notes 2 and 4 Above) 
tAVAV 
A (ADDRESS) 





E (CHIP ENABLE) 


tELQV 
= } tGLOx p 
G (OUTPUT ENABLE) 


Q (DATA OUT) ATA VALID 


. oS eS 


tELICCH tEHICCL 


ip Co ee Se eee 
SUPPLY CURRENT 
Isp 
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MCM6205 


WRITE CYCLE 1 (W Controlled) (See Notes 1, 2, and 3) 
ae | __—- Symbol 

Write Cycle Time tAVAV 

Address Setup Time Ptavwe | tas | 


Address Valid to End of Write 
Write Pulse Width | | tWLWH 
| Data Valid to End of Write | tovwH | tow 


| Data Hold Time | twHpx | ton _| 
Write Low to Output High-Z | twioz | twz | 
Write High to Output Active | twHox | tow | 


Write Recovery Time tWHAX 


NOTES: 1. A write cycle occurs during the overlap of E low and W low. A write cycle ends at the earliest transition of E high or 
2. ET and E2 are represented by E in this data sheet. E2 is of opposite polarity to ET. 

. If G goes low coincident with or after W goes low, the output will remain in a high impedance state. 

. All timings are referenced from the last valid address to the first transitioning address. 

. If GevVin. the output will remain in a high impedance state. 

. At any given voltage and temperature, twLQz max<twHOQx min, both for a given device and from device to device. 
. Transition is measured +500 mV from steady-state voltage with load in Figure 1B. . 
. These parameters are periodically sampled and not 100% tested. 





S| 


high. 


ONO h WN 


— TAVAV 
| tWHAX 
E (CHIP ENABLE) 
W (WRITE ENABLE) ; 
oom XKKAKXAAAKKA_owvemen | HKXKAKKK 
twLaz 
Q (DATA OUT) — OX X ) bee XXX) 

tWHOX 


AC TEST LOADS 

5V 
480 0 
OUTPUT 


255 Q 5 pF 
(INCLUDING 
SCOPE AND JIG) 





fl 


Figure 1A . Figure 1B 
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MCM6205 


WRITE CYCLE 2 (E Controlled) (See Notes 1, 2, and 3) 


Parameter 
Write Cycle Time 
Address Setup Time 
Address Valid to End of Write 
Chip Enable to End of Write 
Data Valid to End of Write 

| Data Hold Time | teHpx | ton | 


D 
Write Recovery Time twR 


NOTES: 1. A write cycle occurs during the overlap of E low and W low. A write cycle ends ¢ at the earliest transition of E high or W high. 
2. E1 and E2 are represented by E in this data sheet. E2 is of opposite polarity to ET. 
3. If G goes low coincident with or after W goes low, the output will remain in a high impedance state. 
4 
5 





. If E goes low coincident with or after W goes low, the output will remain in a high impedance state. 
. If E goes high coincident with or before W goes high, the output will remain in a high impedance state. 


tAVAV 


E1 (CHIP ENABLE) 
. tAVEL : 
; tELEH tEHAX 








‘DVEH tEHDX 
ponram KY XK 
HIGH-Z 
Q (DATA OUT) 
TIMING PARAMETER ABBREVIATIONS TIMING LIMITS 


The table of timing values shows either a minimum or a 
tX XX X maximum limit for each parameter. Input requirements are 
| specified from the external system point of view. Thus, address 


signal name from which interval is defined setup time is shown as a minimum since the system must 


transition direction for first signal supply at least that much time (even though most devices do 
signal name to which interval is defined not require it). On the other hand, responses from the memory 
transition direction for second signal are specified from the device point of view. Thus, the access 
time is shown as a maximum since the device never provides 
The transition definitions used in this data sheet are: data later than that time. 


H = transition to high 

L=transition to low 

V =transition to valid 

X=transition to invalid or don’t care 
Z=transition to off (high impedance) 
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MCM6205 


ORDERING INFORMATION 
(Order by Full Part Number) 


MCM 6205 XX XX XX 
Motorola Memory Prefix ———————_ | | ~T___ Shipping Method (R2 = Tape and Reel, Blank = Rails) 
Part Number Speed (30=30 ns, 35=35 ns, 45=45 ns) 
Package (NP = 300 mil Plastic DIP, NJ = 300 mil SOJ) 
Full Part Numbers— MCM6205NP30 MCM6205NJ30 MCM6205NJ30R2 


MCM6205NP35 MCM6205NJ35 §MCM6205NJ35R2 
MCM6205NP45 MCM6205NJ45 = MCM6205NJ45R2 
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MOTOROLA 
a SEMICONDUCI( IIe 
TECHNICAL DATA 


MCM6205-17, -20, -25 
See QuickRAM, Page 7-122 


32K x 9 Bit Fast Static RAM MCM6205C-12, -15 


See QuickRAM Ili, Page 7-142 


AO 
Voc 


Vss 


A3 


AA NP PACKAGE 


300 MIL PLASTIC 
MEMORY MATRIX | CASE 853 


Pes 
Pas 
Pom 
A6 DP oaan 
ROW 256 ROWS x 
A7 Peg DECOUER 128 x 9 COLUMNS 
AQ Pom 
A10 Pom a 
Alt Re a ve 
300 MIL SOJ 
a COLUMN 1/0 ia 


COLUMN DECODER 


DQO = 








DQ8 - 


PIN ASSIGNMENT 













ee ee eees: Address Input | E1,E2................. Chip Enable 






DQO0-DQ8 .......... Data Input/Output ING oped a ad anni eve a Gea No Connection 
Wises tekieber ager tn Write Enable VOC Le deieesknes +5 V Power Supply 
enh RAIA Eh peladonig ye heneaninkd Output Enable » bab edie Palin oe Eee G Oe 3 SEROUNG 


Not Selected | Ispy, Ispo 


Not Selected isB1, IsBe 
Output Disabled ICCA 
Read ICCA Read Cycle 
Write ICCA Write Cycle 








MOTOROLA MEMORY DATA 


7-25 





MOTOROLA 


a SEMICONDUCTOR 
TECHNICAL DATA 





MCM6206 


Advance [nformation 


32K x 8 Bit Fast Static Random we a 
Access Memory ) PACKAGE 


300 MIL PLASTIC 
CASE 710B 





The MCM6206 is a 262,144 bit static random access memory organized as 32,768 words 


of 8 bits, fabricated using Motorola’s high-performance silicon-gate CMOS technology. | 
Static design eliminates the need for external clocks or timing strobes, while CMOS circui- 
try reduces power consumption and provides for greater reliability. 


Chip enable (E) controls the power-down feature. It is not a clock but rather a chip EE OORnGE 





: 4 = ; 600 MIL PLASTIC 
control that affects power consumption. In less than a cycle time after E goes high, the CASE 710 
part automatically reduces its power requirements and remains in this low-power standby 
mode as long as E remains high. This feature provides significant system-level power 
: ra J PACKAGE 
savings. Another control feature, output enable (G) allows access to the memory contents 400 MIL S00 
as fast as 12.5 ns (MCM6206-30). 


E 81 
The MCM6206 is packaged in a 300 or 600 mil, 28 pin plastic dual-in-line package or a Paes 


28 lead 300 or 400 mil plastic SOJ package with the JEDEC standard pinout. 


Single 5 V Supply, + 10% ae pondering 

Fully Static—No Clock or Timing Strobes Necessary ea CASE 810B 

Fast Access Time—30, 35, or 45 ns (Maximum) 

Low Power Dissipation 

Two Chip Controls; E for Automatic Power Down 
G for Fast Access to Data 

Three State Outputs 

Fully TTL Compatible 





BLOCK DIAGRAM 
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Ag > aaa 
Ag > Saal 
MI—— 
A13 ee ce ail 
bad e INPUT a 

rees 
p07—9—-+- > CONTROL 


Write Enable 

Chip Enable 

Output Enable 

DQO0-DQ7 . . Data Input/Output 
Vcc .-..+5V Power Supply 
Ground 





This document contains information on a new product. Specifications and information herein are subject to change without notice. 
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TRUTH TABLE 


This device contains circuitry to protect the 
inputs against damage due to high static 
voltages or electric fields; however, it is ad- 
vised that normal precautions be taken to 
avoid application of any voltage higher than 
maximum rated voltages to this high- 
impedance circuit. 












Ce [me [Se [vom 
| x | NotSelected | Isp | High 
| H | Output disabled | icc || —HighZ 
pH [| Red | tcc | St 
x [ t | write | tcc | Din 


X—Don’‘t Care 






ABSOLUTE MAXIMUM RATINGS (See Note) 


Symbol | Value __| Unit_ 
Power Supply Voltage —0.5 to +7.0 


Voltage Relative to Vss for Any Vin. Vout | —0-5 to Vcc +0.5) V 
Pin Except Vcc 


Output Current (per 1/0) 
Power Dissipation (Ta =25°C) | mm | to 
Temperature Under Bias —10 to +85 














Operating Temperature : 
Storage Temperature— Plastic —55 to +125 


NOTE: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are 
exceeded. Functional operation should be restricted to RECOMMENDED 
OPERATING CONDITIONS. Exposure to higher than recommended voltages for 
extended periods of time could affect device reliability. 





DC OPERATING CONDITIONS AND CHARACTERISTICS 
(Vcc =5.0 +10%, Ta=0 to 70°C, Unless Otherwise Noted) 


RECOMMENDED OPERATING CONDITIONS 


Supply Voltage (Operating Voltage Range) 


Input High Voltage 
Input Low Voltage 


*Vi_ (min) = —0.3 V de; Viz (min) = —3.0 V ac (pulse width < 20 ns) 





DC CHARACTERISTICS 


| Min 
Input Leakage Current (All Inputs, Vj; =0 to Vcc) : a ee a eS 
Output Leakage Current (E= Vj, or G=ViH, Vout=0 to 5.5 V) | Igo) | 


Power Supply Current (tavav = 30 ns) 
(E=Viz, lout =) (tayay =35 ns) 
(tavav = 45 ns) 
































Standby Current (E=Vjy) (TTL Levels) 


| tses |  - | 4 | m | 
Standby Curent (© = Voq—0.2 Vi {CMOS Level he ane SES 
Output High Voltage (Ioy = — 4.0 mA) VOH 


CAPACITANCE (f= 1.0 MHz, Ta =25°C, periodically sampled and not 100% tested.) 


Characteristic Symbol | Max | Unit | 


Input Capacitance All Inputs Except W | mm fg 
| W 


E 





1/0 Capacitance Ci/o eee 
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MCM6206 


AC OPERATING CONDITIONS AND CHARACTERISTICS 
(Vcc=5 V +10%, TA =0 to 70°C, Unless Otherwise Noted) 


Input Pulse Levels ......... 0.2002 ee eee eee 0 to 3.0 V Output Timing Measurement Reference Levels. ........ 1.5V 
Input Rise/Fall Time... 1... 6.2... ee eee eee ees 5 ns Outout LOaG sce e wie OG era! HG Se RS: BS See Figure 1 
Input Timing Measurement Reference Levels.......... 1.5V 


READ CYCLE 1 & 2 (See Note 1) 


| armen | Stat 
t 


Read Cycle Time tAVAV tRC 
Address Access Time tavav 
tAC 
tc 


ELQV 
Chip Enable to Output High | tenor 
Output Enable to Output High | uaz 


NOTES: 
1. Wis high at all times for read cycles. 
2. All high-Z and low-Z parameters are considered in a high or low impedance state when the output has made a 500 mV transition from the 
previous steady state voltage. 
3. These parameters are periodically sampled and not 100% tested. 





READ CYCLE 1 (E=Vj_, G=ViL) 


TAVAV 


A (ADDRESS) 


soa XXXKKK mm 


READ CYCLE 2 











TAVAV 


A (ADDRESS) 


G (OUTPUT ENABLE) 
HIGH-Z HIGH-Z 
eon an = a , : 
'GLOX—> Neen 


TELOX 
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MCM6206 


WRITE CYCLE 1 & 2 (See Note 1) 






Data Hold From Write High tWHDX 
Data Hold From Enable High tEHDX 
Write Recovery Time tWHAX tWR 
Enable Recovery Time tEHAX 
Chip Enable to End of Write tELWH tcw 
Enable Low to Enable High tELEH 
| twe | 2 | - | 











25 | - | wo | — | os] 3 | 
po | aw | oo | | lo | mm | ns | 48 | 


tWHOX ee ee oe | A 


NOTES: 


R 


tWLZ 





1. A write cycle starts at the latest transition of a low E or low W. A write cycle ends at V73V 
the earliest transition of a high E or high W. 
2. W must be high during all address transitions whenever E is low. me 
3. If G is enabled, allow an additional 15 ns twLWH to avoid bus contention. 1/0 
4. All high-Z and low-Z parameters are considered in a high or low impedance state when 
the output has made a 500 mV transition from the previous steady state voltage. 30 pF 
5. These parameters are periodically sampled and not 100% tested. (INCLUDING 
a SCOPE AND JIG) 


Figure 1. Test Load 


WRITE CYCLE 1 (W Controlled) 


TAVAV 


E (CHIP ENABLE) 


W (WRITE ENABLE} VAAAAAA\ MI ILL 7. 


tWHAX 


<—— tavw NE see ree 'WHDX 
vom m TRKKK KKK KKK emo | KY KKK 
twiaz tWHOX 


Q (DATA OUT) _ XXX ) XXX) 
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MCM6206 


WRITE CYCLE 2 (E Controlled) 


tavAV— 


tAVEL tELEH tEHAX 
——————_" AVEH 
E (CHIP ENABLE) 
tWLWH 
\ \ | f 
HIGH IMPEDANCE HIGH IMPEDANCE 
Q (DATA OUT) 
tDVEH tEHDX 


D (DATA IN) DATA VALID 





ORDERING INFORMATION 
(Order by Full Part Number) 


MCM 6206 X XX XX 
Motorola Memory Prefix Shipping Method (R2= Tape & Reel, Blank = Rails) 
Part Number Speed (30=30 ns, 35=35 ns, 45=45 ns) 


Package (P = 600 mil Plastic DIP, NP = 300 mil Plastic DIP, 
J = 400 mil SOJ, NJ =300 mil SOJ) 


Full Part Numbers— 
MCM6206P30 MCM6206NP30 MCM6206J30 MCM6206J30R2 MCM6206NJ30 MCM6206NJ30R2 
MCM6206P35 $$ _.MCM6206NP35 MCM6206J35  MCM6206J35R2 MCM6206NJ35 MCM6206NJ35R2 
MCM6206P45 MCM6206NP45 MCM6206J545 MCM6206J45R2 MCM6206NJ45 MCM6206NJ45R2 
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MOTOROLA 
Mt SEMICONDUOOGO ——— 
TECHNICAL DATA 


MCM6206-17, -20, -25 
See QuickRAM, Page 7-122 


32K x 8 Bit Fast Static RAM MCM6206C-12, -15 


See QuickRAM Il, Page 7-142 


NP PACKAGE 
300 MIL PLASTIC 
CASE 710B 


Sal 


' NJ PACKAGE 
300 MIL SOJ 
CASE 810B 


MEMORY MATRIX 
ROW 
256 ROWS x 
DECODER 128 x 8 COLUMNS 


COLUMN I/O 


COLUMN DECODER 


PIN ASSIGNMENT 


Address Input Chip Enable 

Data Input/Output +5 V Power Supply 
Write Enable 
Output Enable 





MCM6206 TRUTH TABLE (X = don't care) 


LE} G | Ww Mode | ¥ocCurent | ouput | Cyole | 


Not Selected IsB1, IsB2 
Output Disabled ICCA 
Read ICCA 
Write ICCA 





















Read Cycle 
Write Cycle 
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MOTOROLA _ 
m= SEMICONDUCTOR = 
TECHNICAL DATA 





Advance Information 
32K x 8 Bit Static RAM 


Industrial Temperature Range: —40 to 85°C 


The MCM6206C is a 262,144 bit static random access memory organized as 
32,768 words of 8 bits, fabricated using high-performance silicon-gate CMOS 
technology. Static design eliminates the need for external clocks or timing 


strobes, while CMOS circuitry reduces power consumption and provides for NP PACKAGE | 
greater reliability. 300 MIL PLASTIC 
CASE 710B 


_ MCM6206C_| 


Chip enable (E) controls the power-down feature. It is not a clock but rather a 
chip control that affects power consumption. In less than a cycle time after E goes 
high, the part automatically reduces its power requirements and remains in this 
low-power standby mode as long as E remains high. This feature provides 
significant system-level power savings. Another control feature, output enable (G) 
allows access to the memory contents as fast as 12 ns (MCM6206C-25). oe er 

The MCM6206C is available in a 300 mil, 28 lead plastic dual-in-line package , NJ PACKAGE 
or a 300 mil, 28 lead plastic SOJ package with the JEDEC standard pinout. 300 MIL SOJ 
e Single 5 V + 10% Power Supply CASE 810B 
e Fast Access Time: 25, 30, 35, 45, 55 ns 


e Chip Controls: _ 
Chip Enable (E) for Reduced-Power Standby Mode | PIN ASSIGNMENT 


Output Enable (G) for Fast Access to Data 
e Three-State Outputs 
e Fully TTL Compatible . 
e Power Operation: 150 mA Maximum, Active AC (MCM6206C-25) 
e High Board Density SOJ Package Available 
















BLOCK DIAGRAM 
Al ——_|>— — NGG 
A3 —_—>— FON SS 
Ad ol oo 
AG —_$—f>- MEMORY MATRIX 
256 ROWS X 128 
A? rial X 8 COLUMNS 


ai——[>.- 

















DQO 
pai > DATA | 
° CONTROL Address Inputs 
DQG il Pas | Write Enable 
DQ7 pale Output Enable 
AO A2 AS A10 Al2 A13 At14 E Chip Enable | 
Data Input/Output 
<, + 5 V Power Supply 
: i 3 | 7 Ground 
dC Ail power supply and ground pins must be 








connected for proper operation of the device. 


AIS 

Nis 

u 
/ 7 \ee 





This document contains information on a new product. Specifications and information herein are subject to change without notice. 
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MCM6206C 


Voc Current | Output | This device contains circuitry to 
protect the inputs against damage 
lisB1 IsB2 High-Z | due to high static voltages or electric 
; fields; however, it is advised that 
| Ph ea ieee 

normal precautions be taken to 
ICCA Read Cycle avoid application of any voltage 
: higher than maximum rated voltages 

ICCA Write Cycle to these high impedance circuits. 
This CMOS memory circuit has 


been designed to meet the dc and ac 
specifications shown in the tables, 


after thermal equilibrium has been 
Power Supply Voltage ~ 0.5 to 7.0 established. The circuit is in a test 
TA 





Voltage Relative to V Vin. Vout | —0.5to Voc +0.5 socket or mounted on a printed 
(For Any Pin Except Vcc) circuit board and transverse air flow 
of at least 500 linear feet per minute 
Temperature Under Bias — 50 to + 95 
Operating Temperature cae — 40 to + 85 
Storage Temperature — Plastic — 55 to+ 125 


NOTE: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are exceeded. 
Functional operation should be restricted to RECOMMENDED OPERATING 
CONDITIONS. Exposure to higher than recommended voltages for extended periods of 
time could affect device reliability. 








DC OPERATING CONDITIONS AND CHARACTERISTICS 
(Vcc = 5.0 Vt 10%, Ta =— 40 to + 85°C, Unless Otherwise Noted) 


RECOMMENDED OPERATING CONDITIONS (Voltages referenced to Vgg = 0 V) 


TC Parameter | Symtor | min |p | Mae | Ut 
) ( ) ( 


*Vit (min) =— 2.0 V ac (pulse width < 20 ns); Viz (min) = — 0.5 V dc) 
















DC CHARACTERISTICS 


Parameter 


Input Leakage Current (All Inputs, Vj, = 0 to Voc) likg(I) 
Output Leakage Current (E = Vi, Vout = 0 to Vcc) likg(O) 
AC Supply Current (lout = 9 MA, Voc = Max) taVAV = 25 ns 


tavay = 30 ns 
tavayv = 35 ns 
tavaAy = 45.ns 
tavAv = 55 ns 


TTL Standby Current (E = Vj, No Restrictions on Other Inputs) 
CMOS Standby Current (E => Vcc — 0.2 V, No Restrictions on Other Inputs) 
Output Low Voltage (lo, = + 8.0 mA) 


Output High Voltage (loy = — 4.0 mA) 


Characteristic 


Input Capacitance 





Input/Output Capacitance 
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AC OPERATING CONDITIONS AND CHARACTERISTICS 
(Vcc = 5.0 V + 10%, Ta = — 40 to + 85°C, Uniess Otherwise Noted) 


Input Timing Measurement Reference Level ........ 1.5V Output Timing Measurement Reference Level ....... 1.5V 
Input Pulse Levels ................. ccc eee eeee 0 to 3.0 V Output Load ...... See Figure 1A Unless Otherwise Noted 
Input Rise/Fall Time ................... 0.22 eee eee 5 ns 


READ CYCLE TIMING (See Note 1) 


Read Cycle <a tRCo 35 

Time 

Address tavav 

Access Time 

Enable Access} te_tqy | tacs = 

Time 

Output Enable | teLaqy 12 12.5 

Access Time 

Output Hold taxax | tOH 

from Address 

Change 

Enable Lowto | te_Qx ee | 

Output Active 

Output Enable | teL_aqx ve el 

to Output 

Active 

Enable High to tEHOZ tCHZ 
Output High-Z 

Output Enable | tgHqz | toHz 
High to Output 

High-Z 

Time 

Power Down tEHICCL 
Time 


paleo 
. Wis high for read cycle. 
5 All read cycle timing is referenced from the last valid address to the first transitioning address. 
3. Atany given voltage and temperature, te14Qz maxis less than te, Qx min, and tGHQz Maxis less than tgHQx Min, both for a given device and 
from device to device. 
4. Transition is measured + 500 mV from steady-state voitage with load of Figure 1B. 
5. This parameter is sampled and not 100% tested. 










































_—. 
oO 
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READ CYCLE 1 (See Note) 


DATA VALID 


TAVAV 
A (ADDRESS) ee 
'axaxX 
Q (DATA OUT) PREVIOUS DATA VALID XK K X X 4 


tavqy 


NOTE: Device is continuously selected (E = Vi_, G = Vi) 


READ CYCLE 2 (See Note) 


T AVAV 


A (ADDRESS) 


teLqQy 
E (CHIP ENABLE) 


G (OUTPUT ENABLE) 


Q (DATA OUT) 


XXX 


tavay ———2>- 


'ELICCH 
c 


Voc SUPPLY CURRENT 
ISB 


NOTE: Addresses valid prior to or coincident with E going low. 





AC TEST LOADS 
+5V 
Ri = 50 Q 480 
OUTPUT a 
255 5 pF 
(INCLUDING 
VE =1.73V SCOPE AND JIG) 
Figure 1A Figure 1B 
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DATA VALID 


a 
- 
— 





'GHQZ 


TEHICCL 


TIMING LIMITS 


The table of timing values shows either 
a minimum or a maximum limit for each 
parameter. Input requirements are speci- 
fied from the external system point of view. 
Thus, address setup time is shown as a 
minimum since the system must supply at 
least that much time (even though most 
devices do not require it). On the other 
hand, responses from the memory are 
specified from the module point of view. 
Thus, the access time is shown as a maxi- 
mum since the module never provides 
data later than that time. 





MCM6206C 


WRITE CYCLE 1 (W Controlled, See Note 1) 


Parameter 


Write Cycle 
Time 


Address Setup | tavwie | tas 

Time 

Address Valid | taywH | taw 20 
to End of Write 


Write Pulse 


Width 


Data Valid to 
End of Write 


Data Hold 
Time 
Write Low to 10 10 
Data High-Z 
Write High to 4 4 
Output Active 
NOTES: ae = 
1. Awrite occurs during the overlap of E low and W low. | 
. All write cycle timing is referenced from the last valid address to the first transitioning address. 
. Transition is measured + 500 mV from steady-state voltage with load of Figure 1B. 


. This parameter is sampled and not 100% tested. 
. At any given voltage and temperature, twLQz Max is less than twHaQx min both for a given device and from device to device. 


Recovery 








on & © P 


WRITE CYCLE 1 


UT AVAV 


'WHAX 
E (CHIP ENABLE) 
W (WRITE ENABLE) a 
ee pee gg 
oioara XXXKKKKKKKAKXKAKK_omvavawe | XKXKX 


twLqz tWHOX 
ojoxraoun ——H6#2_Y°Y) se “08 
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WRITE CYCLE 2 (E Controlled, See Note 1 


) 
Symbol MCM6206C-25 | MCM6206C-30 | MCM6206C-35 | MCM6206C-45 | MCM6206C-55 
parameter [Sts_| A | Fin [woe | mn | Ma 


Write Cycle tAVAV twc 25 30 35 45 55 2 
Time . 

Address Setup | tavEL tas 

Time 


Address Valid taVEH | taw 20 = 25 = 25 = 35 — 45 — 
to End of Write 


Enable toEnd | teLeEH | tcw 15 
of Write 
Enable toEnd | tetwH | tcw 15 
of Write 
Write Pulse tWLEH | twP 20 
Width 
Data Valid to tovEH | tpw 10 10 15 
End of Write 
{DH (hak nm 





















Data Hold tEHDX 
Time 
m - 







Write 
Recovery 
Time 







NOTES: 
1. Awrite occurs during the overlap of E low and W low. 
2. All write cycle timing is referenced from the last valid address to the first transitioning address. 
3. If E goes low coincident with or after W goes low, the output will remain in a high impedance condition. 
4. If E goes high coincident with or before W goes high, the output will remain in a high impedance condition. 


WRITE CYCLE 2 
TAVAV 


A (ADDRESS) 





E (CHIP ENABLE) 


tEHAX 


W (WRITE ENABLE) 





tEHDX 


KX 





'DVEH 


DATA VALID 


D (DATA IN) 





XXXXXXKXXXKKKKKAY 


Q (DATA OUT) pee 
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MCM6206C 


ORDERING INFORMATION 
(Order by Full Part Number) 


MCM 6206 xx Cc XX XX 
Motorola Memory Prefix ie Shipping Method (R2 = Tape & Reel, Blank = Rails) 


Part Number Speed (25 = 25 ns, 30 = 30 ns, 35 = 35ns, 
45 = 45 ns, 55 = 55 ns) 


Package (NP = Plastic DIP, NJ = Plastic SOJ) Operating Temperature Range 
Full Part Numbers — MCM6206NPC25 MCM6206NJC25 MCM6206NJC25R2 
MCM6206NPC30 MCM6206NJC30 MCM6206NJC30R2 
MCM6206NPC35 MCM6206NJC35 MCM6206NJC35R2 


MCM6206NPC45 MCM6206NJC45 MCM6206NJC45R2 
MCM6206NPC55 MCM6206NJC55 MCM6206NJC55R2 
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MOTOROLA 


a= SEMICONDUCTOR 
TECHNICAL DATA 





MCM6207-15, -20, -25 
See QuickRAM, Page 7-122 


MCM6207C-10, -12 
See QuickRAM Il, Page 7-142 


256K x 1 Bit Fast Static RAM 












P PACKAGE 
300 MIL PLASTIC 
CASE 724A 





















MEMORY MATRIX 
256 ROWS x 
1024 x 1 COLUMNS 


ROW 
DECODER 














J PACKAGE 
300 MIL SOJ 
CASE 810A 





COLUMN 1/O 
COLUMN DECODER 







AO AS A7 A8 AQ A110 Ait Ai2 A13 A17 PIN ASSIGNMENT 





Address Input Data Output 
Chip Enable +5 V Power Supply 
Write Enable Ground 
. Data Input 


Not Selected IsB1, IsB2 
Read ICCA Read Cycle 
Write ICCA igh-Z | Write Cycle 
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MOTOROLA 


m= SEMICONDUCTOR 
TECHNICAL DATA 













| MICM6208-35, -45| 


64K x 4 Bit Static RAMs MCM6209-35, -45 


The MCM6208 and MCM6209 are 262,144 bit static random access memories organized 
as 65,536 words of 4 bits, fabricated using Motorola’s high-performance silicon-gate CMOS 


technology. Static design eliminates the need for external clocks or timing strobes, while: vy | ; v . 
CMOS circuitry reduces power consumption for greater reliability. P PACKAGE J PACKAGE 
The MCM6209 has both chip enable (E) and output enable (G) inputs, allowing greater 300 MIL PLASTIC § 300 MiL SOJ 

system flexibility. Either input, when high, will force the outputs to high impedance. CASE 724A CASE 810A 

@ Single 5 V + 10% Power Supply MCMé209 

@ Fast Access Time (Maximum): MCM6209 nt” 
(x0 = 08 or 09) Address _— Chip Enable Output Enable Vo 
MCM62xx-35 3 ns 35 ns 15 ns P PACKAGE J PACKAGE 
MCM62xx-45 45 ns 45 ns 17 ns 300 MIL PLASTIC 300 MIL SOJ 

@ Equal Address and Chip Enable Access Time CASE 710B CASE 810B 





@ Output Enable (G) Feature for Increased System Flexibility and to Eliminate Bus 
Contention Problems (MCM6209) 


@ Fully TTL Compatible—Three-State Data Output Pin Soon 


MCM6208 





BLOCK DIAGRAM 









AG i >— 

P cams 
A3 > aaa 
na Pom MEMORY MATRIX 

| ROW ~<a— Vcc 
A12 > coca grees 256 ROWS x | 
A13 1024 COLUMNS |~*— Yss 
A14 
Al 
pao p——— COLUMN 1/0 ; 
001 COLUMN DECODER 

EU uu 

pa2 
pa3 


Address Input Chip Enable 

. Data Input/Output No Connection 
. +5 V Power Supply | 

Ground 
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MCM6208-35¢e MCM6209-35 


MCM6208 TRUTH TABLE 


JE | W | Mode | VecCurrent | Output 


H Xx Not Selected ISB1, ISB2 
L H 
L L 


Read ICCA 
MCM6209 TRUTH TABLE 


Write 
(eG. Wa 
Xx 


X 


This device contains circuitry to protect the 
inputs against damage due to high static 
voltages or electric fields; however, it is ad- 
vised that normal precautions be taken to 
avoid application of any voltage higher than 
maximum rated voltages to this high- 
impedance circuit. 










Read Cycle 
Write Cycle 

















This CMOS memory circuit has been de- 

signed to meet the dc and ac specifications 

Not Selected shown in the tables, after thermal equilib- 

Read : J rium has eae paar The sebeegs is in 

a test socket or mounted on a printed circuit 

Read nee Cycle board and transverse air flow of at least 500 
Write i Write Cycle linear feet per minute is maintained. 





ABSOLUTE MAXIMUM RATINGS (See Note) 









Rating | Symbol | Value | Unit | 
Power Supply Voltage —0.5 to +7.0 


Voltage Relative to Vsg for Any Vin. Vout | —0-5to Vec +0.5| V 
Pin Except Vcc 


loutput curantarvo1 sd es | ad 
Power Desipation (Ta=asc) «| Pp | tid 


NOTE: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are 
exceeded. Functional operation should be restricted to RECOMMENDED 
OPERATING CONDITIONS. Exposure to higher than recommended voitages for 
extended periods of time could affect device reliability. 


= 





DC OPERATING CONDITIONS AND CHARACTERISTICS 
(Vcc =5.0 V +10%, TA=0 to 70°C, Unless Otherwise Noted) 


RECOMMENDED OPERATING CONDITIONS 


Supply Voltage (Operating Voltage Range) | 


Input High Voltage 
Input Low Voltage 


¥Vi_ (min) = —0.5 V de; Vi (min) = —2.0 V ac (pulse width <20 ns) 





DC CHARACTERISTICS 


| Min 
4S 
| 2.2 | 
| =0.5* | 
| Min 
[input Leckage Current (All Inputs, Vin=OtoVec) | Iai) | 
[Output Leakage Current (E=Vin Vour=OtoVec) Iai) |= 
fees 

a 

eee an! 

ea! 

nee 

| 24 













AC Supply Current (lout =0 mA) tavav=35 nsi Icca 











tavav = 45 ns 


AC Standby Current (E= Vj}, No Restrictions on Other Inputs) | isp1 | 
CMOS Standby Current (E =Vcc—0.2 V, No Restrictions on Other Inputs) | igp2 





Output Low Voltage (Io, =8.0 mA) 


VOL 
Output High Voltage (IH = - 4.0 mA) 





Characteristic 


Input Capacitance . 





1/0 Capacitance. 
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MCM6208-35¢ MCM6209-35 


AC OPERATING CONDITIONS AND CHARACTERISTICS 
(Vcc=5 V +10%, Ta=0 to +70°C, Unless Otherwise Noted) 


Input Timing Measurement Reference Level .......... 15V Output Timing Measurement Reference Level ......... 15V 
Input Pulse Levels ........ 0... eee eee eens 0 to 3.0 V Output Load............ Figure 1A Unless Otherwise Noted 
Input Rise/Fall Time .... 2.0... 0. eee eee ee ts 5 ns 

READ CYCLE (See Note 1) 


















MCM6208-35 MCM6206-45 
Parameter MCM6209-36 MCM 


-Senaer | Alternate teeter 


| tavay _| | 36 | - | 46 | fle | 2 
a Ao NS eR A ae NE AEB 
7a aN Se ee 
[Output Hold from Address Change | taxox | ton | 4 | - | 4 | - | ns | | 





Output Enable Access Time ss MCMG209/ torov | toe | - | 18 | - | 17 | ns {| | 
[Output Enable Low to Output Active ss MCM6209/ tgrax | tz | 9 | - | 0 | — | ns | 456 | 
Output Enable High to Output High-Z ~ mcme6209| tgcHoz | tuz | 0 | to | o | 10 | ns | 456 | 
[Enable Low to Output Active =| stevx | uz | 4 | - | 4 | — | ns | 456° 
[Enable High to OutputHighZ— | stenoz. | tz =| 9 | 10 | oO | 10 | ns | 456° 
PowerUpTime sd éteuicc | teu | 9 | - | oO | - [os] 
[PowerDown Time tec | tpo | - | 8 | - | ls | 


NOTES: 1. W is high for read cycle. 

. All read cycle timing is referenced from the last valid address to the first transitioning address. 

. Addresses valid prior to or coincident with E going low. 

. At any given voltage and temperature, te14Qz max is less than te_Qx min, and tgQ7z max is less than tg_Qx min, both for a 
given device and from device to device. 

. Transition is measured +500 mV from steady-state voltage with load of Figure 1B. 

. This parameter is sampled and not 100% tested. 

. Device is continuously selected (E= Vj.) and G=Vj4,_ (MCM6209 only). 





& WN 


“oO o1 


READ CYCLE 1 (See Note 7 Above) 













tAVAV 
A (ADDRESS) 
Q (DATA OUT) PREVIOUS DATA VALID DATA VALID 
fap sce tavav 
READ CYCLE 2 (See Note 3 Above) 
tAVAV 
A (ADDRESS) 
teLOV 


E (CHIP ENABLE) 


Q (DATA OUT) 


OX XK KK} DATA VALID 


teHOZ 

tgHOz 
& (OUTPUT ENABLE) 
(MCM6209 ONLY) 


'ELICCH 


Vv icc nm eames =e GF om ae ae a aw a 


SUPPLY CURRENT 


TEHICCL 







iss 
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MCM6208-35e MCM6209-35 


WRITE CYCLE 2 (E Controlled, See Notes 1 and 5) 


Write Cycle Time tAVAV 
Address Setup Time 
Address Valid to End of Write 


Enable to End of Write 


Enable to End of Write 
Write Pulse Width 


Write Recovery Time 





NOTES: 1. A write occurs during the overlap of E low and W low. 

. All write cycle timing is referenced from the last valid address to the first transitioning address. 

. If E goes low coincident with or after W goes low, the output will remain in a high impedance condition. 

. If E goes high coincident with or before W goes high, the output will remain in a high impedance condition. 

. MCM6209, if G goes low coincident with or after W goes low, the output will remain in a high impedance state. 


af WN 


TAVAV 


E (CHIP ENABLE) 












tAVEL apt 
ae EHAX 
W (WRITE ENABLE) 1 
| ! tDVEH tEHDX 
ora KXKKKKAXAKMMAAAK DR serene EK KXKX 
HIGH-Z 
Q (DATA OUT) 
TIMING PARAMETER ABBREVIATIONS TIMING LIMITS 


The table of timing values shows either a minimum or a 
maximum limit for each parameter. Input requirements are 
specified from the external system point of view. Thus, address 
setup time is shown as a minimum since the system must 
supply at least that much time (even though most devices do 
not require it). On the other hand, responses from the memory 
are specified from the device point of view. Thus, the access 


a ee time is shown as a maximum since the device never provides 
The transition definitions used in this data sheet are: data later than that time. 


H = transition to high 

L.=transition to low 

V =transition to valid 

X = transition to invalid or don’t care 
Z= transition to off (high impedance) 


x< 
x< 


signal name from which interval is defined 
transition direction for first signal 

signal name to which interval is defined 
transition direction for second signal 


= 
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MCM6208-35¢ MCM6209-35 


WRITE CYCLE 1 (W Controlled, See Notes 1 and 6) 


Data Hold Time 
Write Low to Output High-Z 
Write High to Output Active 


NOTES: 1. A write occurs during the overlap of E low and W low. : 
. All write cycle timing is referenced from the last valid address to the first transitioning address. 


Data Valid to End of Write 








2 
3. Transition is measured +500 mV from steady-state voltage with load in Figure 1B. 
4. Parameter is sampled and not 100% tested. 
5. At any given voltage and temperature, twLQz max is less than twHQx min both for a given device and from device to device. 
6. MCM6209, if G goes low coincident with or after W goes low, the output will remain in a high impedance state. 
TAVAV 
'WHAX 
E (CHIP ENABLE) 
W (WRITE ENABLE) 
oma XKXKXXXAKAM meee | OX KKKKK 
IN ZALNLANINLNLNENNLAZLN L\LN\LALNLNL 
; twiaz 


Q (DATA OUT) — COCO im XXX 


tWHOX 


AC TEST LOADS 


+5 V +5V 
480 480 
Q Qa 
255 30 pF 255 5 pF 
(INCLUDING (INCLUDING 
SCOPE AND JIG) SCOPE AND JIG) 


Figure 1A Figure 1B 
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MCM6208-35e MCM6209-35 


ORDERING INFORMATION 
(Order by Full Part Number) 


MCM 62XX X XX XX 
Motorola Memory Prefix ee ia | eee Shipping Method (R2 = Tape and Reel, Blank = Rails) 
Part Number Speed (35=35 ns, 45= 45 ns) 
Package (P = 300 mil Plastic DIP, J =300 mil SOU) 


Full Part Numbers— MCM6208P35 MCM6208J35 MCM6208J35R2 
MCM6208P45 MCM6208J45 MCM6208J45R2 


MCM6209P35 MCM6209J35 MCM6209J35R2 
MCM6209P45 MCM6209J45 MCM6209J45R2 
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MOTOROLA 
= SEMICONDUCTOR ———————————e 
TECHNICAL DATA 


MCM6208-15, -20, -25 
MCM6209-15, -20, -25 
64K x 4 Bit Fast Static RAMs See QuickRAM, Page 7-122 


MCM6208C-10, -12 


MCM6209C-10, -12 
See QuickRAM Il, Page 7-142 


Pan 
Pon 
Pon 


> Saup...| MEMORY MATRIX 
256 ROWS x 
Per] DECODER 256 x 4 COLUMNS 


Pas 
Pan 
Pon 


MCM6208 


1 

P PACKAGE J PACKAGE 

300 MIL SOJ 

200 MIL PLASTIC 9% Bill = 
CASE 724A 


MCM6209 a 
P PACKAGE 4 PACKAGE 


300 MIL PLASTIC 300 MiL SOJ 
CASE 710B CASE 8108 


MCM6209 
NC {J 
COLUMN DECODER 


a eee geen 
COLUMN I/O 


MCM6209 G 
ONLY 


Address Input Chip Enable 
Data Input/Output No Connection 
Write Enable +5 V Power Supply 
Output Enable Ground 


Not Selected IsB1, IsB2 
Read ICCA Read 4 Oycle 
Write ICCA igh- Write Cycle 


Not Selected Isp1, IsBe 
Output Disabled ICCA — 
Read ICCA Read Cycle 
Write ICCA igh- Write Cycle 
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MOTOROLA 
= SEMICONDUCTOR ye 
TECHNICAL DATA 


MCM6226 


Product Preview 


128K x 8 Bit Static Random 
Access Memory 


The MCM6226 is a 1,048,576 bit static random-access memory organized as WJ PACKAGE 
131,072 words of 8 bits, fabricated using high-performance silicon-gate CMOS 400 MIL SOJ 
technology. Static design eliminates the need for external clocks or timing CASE TBD 
strobes, while CMOS circuitry reduces power consumption and provides for 
greater reliability. am 

The MCM6226 is equipped with both chip enable (E) and output enable (G) 
inputs, allowing for greater system flexibility. Either input, when high, will force the 
outputs to high impedance. 

The MCM6226 is available in a 400 mil, 32 lead plastic dual-in-line package or DIP PACKAGE 
a 400 mil, 32 lead plastic SOJ package with the JEDEC standard pinout. TRY 


e Single 5 V + 10% Power Supply 
e Fast Access Time: 25, 30 ns 
e Equal Address and Chip Enable Access Time 





PIN ASSIGNMENT 



















e Three-State Outputs CC 
e Fully TTL Compatible A 
e Power Operation: 160 mA Maximum, Active AC (MCM6226-25) Ec 
e High Board Density SOJ Package Available W 
A 
BLOCK DIAGRAM A 
A Pam ; 
A 
A Paus . 
A Pau 
Te ou |e] MSR t 
DECODER E 
A > 2048 COLUMNS 
A Pam 
A Pan 
A Pam 
Dad i oe COLUMN 1/0 
ye at DECODER 
CONTROL ALN 
DQ3 
Address Inputs 
Write Enable 
Output Enable 
Chip Enable 
_ Data Input/Output 
E + 5 V Power Supply 
E Ground 
W 
a All power supply and ground pins must be 
G connected for proper operation of the device. 


This document contains information on a product under development. Motorola reserves the right to change or discontinue this product without notice. 
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MCM6226 


TRUTH TABLE 


[cycle This device contains circuitry to 
protect the inputs against damage 

fF due to high static voltages or electric 
fields; however, it is advised that 

pe normal precautions be taken to 


avoid application of any voltage 
higher than maximum rated voltages 
| icca | (Din | Write Cycle | to these high impedence circuits. 
This CMOS memory circuit has 
been designed to meet the dc and ac 
specifications shown in the tables, 
after thermal equilibrium has been 
established. The circuit is in a test 
socket or mounted on a printed 
circuit board and transverse air flow 


of at least 500 linear feet si minute 
is maintained. 












Rating | Symbol_| Value 
Power Supply Voltage Noe! — 0.5 to 7.0 


[Unit 
iran Pres oo 
Supacurenonr) | wef ew 

Sn (eee Sean DRT 


Operating Temperature ae 0 to +70 
Storage Temperature — Plastic L Neiaee —55 to + 125 


NOTE: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are exceeded. 
Functional operation should be restricted to RECOMMENDED OPERATING 
CONDITIONS. Exposure to higher than recommended voltages for extended periods of 
time could affect device reliability. 








DC OPERATING CONDITIONS AND CHARACTERISTICS 
(Voc = 5.0 V + 10%, Ta = 0 to + 70°C, Unless Otherwise Noted) 


RECOMMENDED OPERATING CONDITIONS (Voltages referenced to Vss = 0 V) 


Parameter 





*ViL (min) = — 2.0 Vac (pulse width < 20 ns); Vj, (min) = — 0.5 Vdc) 


DC CHARACTERISTICS 


MCM6226-25: rae = 25ns ‘loca 
MCM6226-30: tayay = 30 ns 


Input Capacitance 


Input/Output Capacitance 
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MCM6226 


AC OPERATING CONDITIONS AND CHARACTERISTICS 
(Voc = 5.0 V + 10%, Ta = 0 to + 70°C, Unless Otherwise Noted) 


Input Timing Measurement Reference Level ........ 1.5V Output Timing Measurement Reference Level ....... 1.5V 
Input Pulse Levels ............. 0.000 e cece eee 0to3.0V Output Load ...... See Figure 1A Unless Otherwise Noted 
Input Rise/Fall Time ........... 0... ccc eee eee eee 5 ns 


READ CYCLE TIMING (See Note 1) 


Parameter 


Alternate 


Read Cycle Time 


t 
t 
t 
t 


tecox | toz 
IGLOX 
tEHQZ 'CHZ 
teuiccH_ | Pu 
teHicc_| ‘po __| 
NOTES: 
1. Wis high for read cycle. 


2. All read cycle timing is referenced from the last valid address to the first transitioning address. 


RC 
TAA 
OE 
OH 
CLZ 
tpU 


Power Down Time 





3. Atany given voltage and temperature, te HQz Maxis less than te_Q x min, and tgHQqz Max is less than tgH@Q x min, both for a given device and 


from device to device. 





4. Transition is measured + 500 mV from steady-state voltage with load of Figure 1B. 

5. This parameter is sampled and not 100% tested. 

6. Device is continuously selected (E = Vi_, G = Vj,). 

7. Addresses valid prior to or coincident with E going low. 

AC TEST LOADS 
+5V 
OUTPUT Q 
255 5 pF 
(INCLUDING 
SCOPE AND JIG) 
Figure 1A Figure 1B 
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TIMING LIMITS 

The table of timing values shows either 
a minimum or a maximum limit for each 
parameter. Input requirements are speci- 
fied from the external system point of view. 
Thus, address setup time is shown as a 
minimum since the system must supply at 
least that much time (even though most 
devices do not require it). On the other 
hand, responses from the memory are 
specified from the module point of view. 
Thus, the access time is shown as a maxi- 
mum since the module never provides 
data later than that time. 





MCM6226 


READ CYCLE 1 (See Note) 


<—_$$__§|—_————- ! avav 


tAXOX —————> 


common | _revosonrnce YXXXXN oan 


<—______—_ ! ayqgy ———— 


NOTE: Device is continuously selected (E = Vit: G= Vip): 


READ CYCLE 2 (See Note) 


A (ADDRESS) 





E (CHIP ENABLE) 


G (OUTPUT ENABLE) 


Q (DATA OUT) 


loc 
Voc SUPPLY CURRENT 
Isp 





NOTE: Addresses valid prior to or coincident with E going low. 





MOTOROLA MEMORY DATA 


7-80 


MCM6226 


WRITE CYCLE 1 (W Controlled, See Note 1) 


Parameter 
Write Cycle Time 
Address Setup Time tas 
Address Valid to End of Write 


Write Pulse Wit ar 


Data Valid to End of Write to VWH 


Data Hold Time 
Write Low to Data High-Z 
Wirte High to Output Active 
Write Recovery Time 


NOTES: 
1. Awrite occurs during the overlap of E low and W low. 
2. All write cycle timing is referenced from the last valid address to the first transitioning address. 
3. Transition is measured + 500 mV from steady-state voltage with load of Figure 1B. 
4. This parameter is sampled and not 100% tested. 
5. At any given voitage and temperature, twL_Qz Max is less than twHQx min both for a given device and from device to device. 








WRITE CYCLE 1 


——$<——— 1 AVAV 


'WHAX 
E (CHIP ENABLE) 


W (WRITE ENABLE) 


'AVWL tWHDX 
sonar» RXXKRRRRRKKKRRRRRKKKK ova | XXX 


'WHOX 
Q (DATA OUT) sla: XXX) XY) 
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MCM6226 


WRITE CYCLE 2 (E Controlled, See Note 1) 
Symbol 


Standard Alternate 
tavav | two | 
aver | tas | 


Parameter 
Write Cycle Time 
Address Setup Time 
Address Valid to End of Write 
Enable to End of Write 
Enable to End of Write 
Write Pulse Width 
Data Valid to End of Write 
Data Hold Time 


| twven | taw 
| wen | we | 


teHox | tow _| 
tEHAX 


1. Awrite occurs during the overlap of E low and W low. 

2. All write cycle timing is referenced from the last valid address to the first transitioning address. 

3. If E goes low coincident with or after W goes low, the output will remain in a high impedance condition. 

4. If E goes high coincident with or before W goes high, the output will remain in a high impedance condition. 





twc 
tas 
taw 
tcw 
twP 
DH 


Write Recovery Time 
NOTES: 


WRITE CYCLE 2 


—$—_—__—_—_—_—_—____ I avav 


A (ADDRESS) 


E (CHIP ENABLE) 


tELEH 


t AVEL tT EHAX 
ELWH 
W (WRITE ENABLE) 
'WLEH 
—<t—'DVEH 
V/V/V ADA AAA ANA)\AA\AA/V\\/ E DaTAVALO | VAVAVAVAVAVAY, 
D (DATA IN 
(oaTatn) X XXXXXXAAXAAXAKARAARAAAKAA ARCATA VALID | KK KAA 
—a—§ ' EHDX 
Q (DATA OUT) a 
ORDERING INFORMATION 
(Order by Full Part Number) 
MCM 6226 xx Cc XX XX 
Motorola Memory Prefix mes a Shipping Method (R2 = Tape & Reel, Blank = Ra 
Part Number Speed (25 = 25 ns, 30 = 30 ns) 
Package (WP = 400 mil Plastic DIP, WJ = 400 mil SOW) Operating Temperature Range 
Full Part Numbers - MCM6226WPC25 MCM6226WJC25 MCM6226WJC25R2 
MCM6226WPC30 MCM6226WJC30 MCM6226WJC30R2 
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MOTOROLA 
m2 SEMICONDUCTOR ox 


TECHNICAL DATA 
MCM6228 


Product Preview 


256K x 4 Bit Static Random 
Access Memory 


The MCM6228 is a 1,048,576 bit static random-access memory organized as 
262,144 words of 4 bits, fabricated using high-performance silicon-gate CMOS 
technology. Static design eliminates the need for external clocks or timing \ 
strobes, while CMOS circuitry reduces power consumption and provides for WJ PACKAGE 


ae 400 MIL SOJ 
greater reliability. CASE 810 


The MCM6228 is equipped with both chip enable (E) and output enable (G) 
inputs, allowing for greater system flexibility. Either input, when high, will force the 
outputs to high impedance. 

The MCM6228 is available in a 400 mil, 28 lead plastic dual-in-line package or 
a 400 mil, 28 lead plastic SOJ package with the JEDEC standard pinout. DIP PACKAGE 
e Single 5 V + 10% Power Supply TBD 
e Fast Access Time: 25, 30 ns 
e Equal Address and Chip Enable Access Time 
e Three-State Outputs 
e Fully TTL Compatible 
e Power Operation: 160 mA Maximum, Active AC (MCM6228-25) 
High Board Density SOJ Package Available 













PIN ASSIGNMENT 
















BLOCK DIAGRAM 
A Pam 
A le 
A Pa 
A MEMORY MATRIX 
je sane 512 ROWS X 
A — 2048 COLUMNS 
A je 
A le 
A ie 
a 
pao ee = COLUMN 1/0 ; 
e 
Meee COLUMN DECODER ° 
CONTROL q q q 
Das ‘ 
AOSANT si anwtala swan’ Address Inputs 
_ Wea tesacig Wee sus oe Write Enable 
E GS utuatiaweue et sateres Output Enable 
eget theme iats ys Raiy gine Chip Enable 
= DQO=DOS? es sss soccdars Data Input/Output 
Wo) VG eee eee +5 V Power Supply 
ee PNB etic certerireretctr’ aca trntc Ground 


All power supply and ground pins must be 
connected for proper operation of the device. 


This document contains information on a product under development. Motorola reserves the right to change or discontinue this product without notice. 
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MCM6228 


TRUTH TABLE 


This device contains circuitry to 
— protect the inputs against damage 


due to high static voltages or electric 
fields; however, it is advised that 
normal precautions be taken to 


ICCA Read Cycle | avoid application of any voltage 
higher than maximum rated voltages 
ICCA Write Cycle to these high impedence circuits. 
This CMOS memory circuit has 
ABSOLUTE MAXIMUM RATINGS (Voltages referenced to Vsg = 0 V) been Gesighed to meet the deandac 


specifications shown in the tables, 
Symbol 









after thermal equilibrium has been 
established. The circuit is in a test 
socket or mounted on a printed 
circuit board and transverse air flow 
of at least 500 linear feet per minute 
is maintained. 


Power Supply Voltage — 0.5 to 7.0 


Voltage Relative to V Vin, V -—0.5to Ver + 0.5 
Power Dissipation (Ta = 25°C) = PE 1.1 
















CC V 
V 
A 
Temperature Under Bias -10to + 85 °C 
Operating Temperature 0 to +70 °C 
Storage Temperature — Plastic —55 to + 125 


NOTE: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are exceeded. 
Functional operation should be restricted to RECOMMENDED OPERATING 
CONDITIONS. Exposure to higher than recommended voltages for extended periods of 
time could affect device reliability. 





DC OPERATING CONDITIONS AND CHARACTERISTICS 
(Vcc = 5.0 V + 10%, Ta = 0 to + 70°C, Unless Otherwise Noted) 


RECOMMENDED OPERATING CONDITIONS (Voltages referenced to Vgs = 0 V) 


Supply Voltage (Operating Voltage Range) 


Input High Voltage 
Input Low Voltage 


*ViL (min) = — 2.0 Vac (pulse width < 20 ns); Vi, (min) = — 0.5 Vdc) 





DC CHARACTERISTICS 









Parameter 







Input Leakage Current (All Inputs, Vin = 0 to Voc) 
Output Leakage Current (E = Vi_, Vout = 0 to Vcc) 








AC Supply Current (Igyz = 0 MA, Voc = Max) MCM6228-25: tayay = 25 ns 


MCM6228-30: tayay = 30 ns 


[ouputtow otwse(ou=veon—SSSCS™~S YP tw 
[ouput righ Volage (on=—40ma)SSSSSSSSSSSSSS Yt ae 


Input Capacitance (All Inputs Except E and DQ) Cin 
E 


Input/Output Capacitance DQ 
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MCM6228 


AC OPERATING CONDITIONS AND CHARACTERISTICS 
(Voc = 5.0 V + 10%, Ta = 0 to + 70°C, Unless Otherwise Noted) 


Input Timing Measurement Reference Level ........ 1.5V Output Timing Measurement Reference Level ....... 1.5V 
Input Pulse Levels .............. 0.000 c eee eae 0to 3.0 V Output Load ...... See Figure 1A Unless Otherwise Noted 
Input Rise/Fall Time ........... 0.0... ccc eee ees 5 ns 


READ CYCLE TIMING (See Note 1) 











Parameter Standard 





Alternate 
tAVAV 


PU 
PD 


Read Cycle Time 2 
Address Access Time 

Enable Access Time 

Output Enable Access Time 1 


Output Hold from Address Change 


tAxQx 
tELQX tCLZ 


5 
Enable Low to Output Active 4 
Output Enable to Output Active 
Enable High to Output High-Z 
Output Enable High to Output High-Z 
Power Up Time 


Power Down Time 


NOTES: 
1. Wis high for read cycle. 


2. All read cycle timing is referenced from the last valid address to the first transitioning address. 


MCM6228-25 


oi 


No 


Oo 


—_ | ak 
oO 


MCM6228-30 


w 
Oo 










Wi 
oO;o 


a 


mM 7] M 


w 
oO 





3. Atany given voltage and temperature, te H@Qz maxis less than te_Q x min, and tgHQz Maxis less than tgHQ x min, both for agiven device and 


from device to device. 
. Transition is measured + 500 mV from steady-state voltage with load of Figure 1B. 
. This parameter is sampled and not 100% tested. 
. Device is continuously selected (E = Vj, G = Vj, ). 
. Addresses valid prior to or coincident with E going low. 


NOOO 





AC TEST LOADS 
+5V 
Ri = 50.2 480 
OUTPUT . 
255 5 pF 
(INCLUDING 
Vi = 1.73 V SCOPE AND JIG) 
Figure 1A Figure 1B 
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TIMING LIMITS 


The table of timing values shows either 
a minimum or a maximum limit for each 
parameter. Input requirements are speci- 
fied from the external system point of view. 
Thus, address setup time is shown as a 
minimum since the system must supply at 
least that much time (even though most 
devices do not require it). On the other 
hand, responses from the memory are 
specified from the module point of view. 
Thus, the access time is shown as a maxi- 
mum since the module never provides 
data later than that time. 








MCM6228 


READ CYCLE 1 (See Note) 


A$ ———_— | avav 


: 'axQX ————> 


common XXX Sa 


NOTE: Device is continuously selected (E = V),, G= Vj). 


READ CYCLE 2 (See Note) 


A (ADDRESS) 








E (CHIP ENABLE) 


pad leHOQZ 
G (OUTPUT ENABLE) | - 






t 'eHOz 
— OK x} 
Q (DATA OUT) é DATAVALID 
IV VIV\ 
t AVQV NAL YY | | ae 
aaah ey ee 'ELICCH EHICCL 
Voc SUPPLY CURRENT 


IsB 


NOTE: Addresses valid prior to or coincident with E going low. 
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MCM6228 


WRITE CYCLE 1 (W Controlled, See Note 1) 


ee 
Address Valid to End of Write | tavwwH | otaw | 20 «| To 
tow | 10 | — 
a es 
wz | 0 | 10 | 
| tow | 4 | — | 
we | o | — 
























Data Valid to End of Write | tovwH | tow faa 
Data Hold Time | twHpx | tod | 
Write Low to Data High-Z | twraz | twz | 
Wirte High to Output Active 
Write Recovery Time 


twHax | wa _| 
NOTES: 


1. Awrite occurs during the overlap of E low and W low. 

. All write cycie timing is referenced from the last valid address to the first transitioning address. 

. Transition is measured + 500 mV from steady-state voitage with load of Figure 1B. 

. This parameter is sampled and not 100% tested. 

. At any given voltage and temperature, twLQz max is less than twHQ x min both for a given device and from device to device. 





10 





OP W® DM 





WRITE CYCLE 1 


$$ lt AVAV 


IWHAX 
E (CHIP ENABLE) 


W (WRITE ENABLE) 


tAVWL tWHDX 
vam RXXRRKKKKKKKKKKNKKKKRK nce | XXX 


tWHOX 


Q (DATA OUT) sui (XXX) (YYY) 
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MCM6228 


WRITE CYCLE 2 (E Controlled, See Note 1) 













MCM6228-25 MCM62228-30 








Parameter | Standard | Altermate | Min | Mex | Min | Max | 
Write Cycle Time | wav | wo | 2 | — | 3% | = | 
Address Setup Time | twee | ws [| o | — | o | = | 
Address Valid to End of Write | taven | ta | 20 | — | 2 | — | 
Enable to End of Write | teen | tow | 2 | — | 2 | — | 
Enable to End of Write | tewH | tow | 2% | — | 2 | = | 
Write Pulse Wiath | twen | we | 2 | —- [| 2 | — | 
Data Valid to End of Write | tpven | tow [| to | — | v2 | — | 
DataHold Time | tenox | tow | 0 | — | o | = | 
Write Recovery Time | tenax | wa | o | — | o | — | 
NOTES: 


1. Awrite occurs during the overlap of E low and W low. 

2. All write cycle timing is referenced from the last valid address to the first transitioning address. 

3. If E goes low coincident with or after W goes low, the output will remain in a high impedance condition. 

4. If E goes high coincident with or before W goes high, the output will remain in a high impedance condition. 


ae 
pn | 
ae 
pons | 84 
a a 
oe ae 
pe | 
i 
oe 





WRITE CYCLE 2 


$$  — TAVAV 


E (CHIP ENABLE) 


tELEH 


' TEHAX 
ELWH 


'AVEL 
W (WRITE ENABLE) 


bias 'DVEH 


soars X RRRX KERR KRRKKRIIOK On | HRRKKK 


/ t-—— ' EHDX 
Q (DATA OUT) = : 
ORDERING INFORMATION 
(Order by Full Part Number) 
MCM 6228 xx C Xxx XX 
Motorola Memory Prefix | LL Shipping Method (R2 = Tape & Reel, Blank = Rail: 
Part Number Speed (25 = 25 ns, 30 = 30 ns) 
- Package (WP = 400 mil Plastic DIP | Operating Temperature Range 


WJ = 400 mil SOJ) 


Full Part Numbers —- MCM6228WPC25 MCM6228WJC25 MCM6228WJC25R2 
MCM6228WPC30 MCM6228WJC30 MCM6228WJC30R2 
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MOTOROLA 


= SEMICONDUCTOR Sa TS 


TECHNICAL DATA 


8K x 8 Bit Fast Static RAM 


A2 > ares 
V 
A3 > Ee 
Vss 
A4 — 
AS Pom MEMORY MATRIX 
ROW 256 ROWS x 
A7 Pe DECODER 32 x 8 COLUMNS 
A8 Pom 
AQ Pam 
Att Pace 
DQ0 ~ COLUMN I/O 






DQ7 - 


yy yy yy yy yy 
ET AO Ai A6 A10 A12 
E2 
W 
G 


Address Input | £1 Chip Enable 
Data Input/Output No Connection 
Write Enable +5 V Power Supply 
Output Enable Ground 





MCM6264 TRUTH TABLE (X = don’t care) 


cae Be ee ae 


Not Selected IsB1, IsB2 
Not Selected Isp1, IsB2 _ 


Output Disabled ICCA igh- = 
Read ICCA Read Cycle 
Write ICCA igh- Write Cycle 
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MCM6264-15, -20 
See QuickRAM, Page 7-122 


MCM6264C-10, -12 
See QuickRAM Il, Page 7-142 


P PACKAGE 
300 MIL PLASTIC 
CASE 710B 


Saal 


1 
NJ PACKAGE 
300 MIL SOJ 
CASE 810B 


PIN ASSIGNMENT 








MOTOROLA 
Ea SEMICONDUCTOR —————————————————— 


TECHNICAL DATA 
MCM6264C 


8K x 8 Bit Fast Static RAM 
Industrial Temperature Range: —40 to 85°C 


The MCM6264C is a 64,536 bit static random access memory organized as 
8,192 words of 8 bits, fabricated using high-performance silicon-gate CMOS 
technology. Static design eliminates the need for external clocks or timing 


strobes, while CMOS circuitry reduces power consumption and provides for P PACKAGE 
300 MIL PLASTIC 


CASE 710B 


greater reliability. 

Chip enables (E1 and E2) control the power-down feature. They are not clocks 
but rather chip controls that affect power consumption. In less than a cycle time 
after E1 goes high (and E2 goes low), the part automatically reduces it power 
requirements and remains in this low-power standby mode as long as E1 remains 
high and (E2 remains low). This feature provides significant system-level power 
savings. Another control feature, output enable (G) allows access to the memory 
contents as fast as 10 ns (MCM6264C-20). NJ PACKAGE 

The MCM6264C is available in a 300 mil, 28 lead plastic dual-in-line package 300 MIL SOv 
or a 300 mil, 28 lead plastic SOJ package with the JEDEC standard pinout. CASE 810B 
e Single 5 V + 10% Power Supply 


e Fast Access Time: 20, 25 ns 
e Chip Controls: PIN ASSIGNMENT 


Chip Enables (E1 and E2) for Reduced-Power Standby Mode 
Output Enable (G) for Fast Access to Data 


e Three-State Outputs 

e Fully TTL Compatible 

e Power Operation: 140 mA Maximum, Active AC (MCM6264C-20) 
e High Board Density SOJ Package Available 


















BLOCK DIAGRAM 
A2 Pres 
A3 >. 
A4 Daas 
MEMORY MATRIX 
oe le a eCDEH 256 ROWS X 32 
AT Paces X 8 COLUMNS 
A8 
AQ 
Alt 
DQ0— 

_ INPUT Address Inputs 
al DATA Write Enable 
Das CONTROL Output Enable 

Chip Enable 
DQ7 Data Input/Output 
AO Al A6 A10 Al2 + 5 V Power Supply 
Ground 
No Connection | 
EI Ail power supply and ground pins must be 
E2 [ connected for proper operation of the device. 
W N 
: 4 
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MCM6264C 


TRUTH TABLE 


ff [e Tw] me [igecuner [ome [erie 
Pax [x [x | ner soiie 
x es 

ae 


ae 
|X | x | Notselected | Nisei isae | Hinz | — | 
[a [et Read | toca | High | 


This device contains circuitry to 
protect the inputs against damage 
due to high static voltages or electric 
fields; however, it is advised that 
normal precautions be taken to 
avoid application of any voltage 


pt H |e | a] Read 
pe PH |x ft | Write 


X = Don't Care 


ICCA Read Cycle 
Write Cycle 


higher than maximum rated voitages 
to this high impedance circuit. 





This CMOS memory circuit has 
been designed to meet the dc and ac 
specifications shown in the tables, 
after thermal equilibrium has been 
established. The circuit is in a test 
socket or mounted on a printed 
circuit board and transverse air flow 
of at least 500 linear feet per minute 
is maintained. 


ABSOLUTE MAXIMUM RATINGS (Voltages referenced to Vss = 0 V) 


veo [ase 


Unit _| 
me 





Power Supply Voltage 


Voltage Relative to V Sec 
(For Any Pin Exce st 


Output Current (per I/O 


me tw 
a ra 


NOTE: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are exceeded. 
Functional operation should be restricted to RECOMMENDED OPERATING 
CONDITIONS. Exposure to higher than recommended voltages for extended periods of 
time could affect device reliability. 


Power Dissipation (Ta = 25°C 
Temperature Under Bias 
Operating Temperature 


Storage Temperature — Plastic 


. _— 
~~ 
Hy — 
3 — 





DC OPERATING CONDITIONS AND CHARACTERISTICS 
(Voc = 5.0 V + 10%, Ta = — 40 to + 85°C, Unless Otherwise Noted) 


RECOMMENDED OPERATING CONDITIONS (Voltages referenced to Vsg = 0 V) 
Parameter 


Supply Voltage (Operating Voltage Range) 
Input High Voltage 





Input Low Voltage 
*Vit (min) = — 2.0 V ac (pulse width < 20 ns); Vy (min) = — 0.5 V dc) 


DC CHARACTERISTICS 


Parameter Symbol 


2 


Input Leakage Current (All Inputs, Vin = 0 to Vcc) likg(!) 
Output Leakage Current (E1 = Vit, E2 = Vin, Vout = 0 to Voc) ikg(O) 
AC Supply Current (logy = 9 MA, Voc = Max) tavav = 20 ns ICCA 
tAVAV = 25 ns 


tavayv = 20 ns 
tAVAV = 25 ns 


CMOS Standby Current (E1 2 Voc — 0.2 V, E2 < 0.2 V, No Restrictions on Other Inputs) See 
Output Low Voltage (Io, = + 8.0 mA) 
Output High Voltage (IoH = — 4.0 mA) 


CAPACITANCE (f = 1.0 MHz, dV = 3.0 V, T, = 25°C, Periodically Sampled Rather Than 100% Tested) 


Characteristic 
Input Capacitance (All Inputs Except DQ) 


TTL Standby Current (E1 = Vip, E2 = Vii, No Restrictions on Other Inputs) 





Input/Output Capacitance 
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MCM6264C 


AC OPERATING CONDITIONS AND CHARACTERISTICS 
(Voc = 5.0 V + 10%, Ta = — 40 to + 85°C, Unless Otherwise Noted) 


Input Timing Measurement Reference Level ........ 1.5V | Output Timing Measurement Reference Level ....... 1.5V 
Input Pulse Levels ............... 0.00 ee ee eee 0to3.0V Output Load. ...... See Figure 1A Unless Otherwise Noted 
Input Rise/Fall Time ............. 00. c cece eee eens 5 ns 


READ CYCLE TIMING (See Notes 1 and 6) 


[—Simbot | woMensac-20 | woMe25%0-25 

Parameter 
Read Cycle Time | tavav | tac 
Address Access Time | 


Enable Access Time tELQV 


Output Enable Access Time tGLaQV 


Output Hold from Address Change taxQx 


| tas 
| ton 
Enable Low to Output Active 
| touz _| 


Output Enable to Output Active tGLax tOLz 


Enable High to Output High-Z 
Output Enable High to Output High-Z 
Power Up Time ltenicch | teu _| 
Power Down Time 


NOTES: 
1. Wis high for read cycle. 
2. All read cycle timing is referenced from the last valid address to the first transitioning address. 


3. Atany given voltage and temperature, te ¥Qz Maxis less than te_Qx min, and tgHqz maxis less than tgHqQ x min, both for a given device and 
from device to device. . 


tRc 
tAA 

tOH 
PU 
PD 





| Min | Max | Min 
_ 2 | — | 2s | 
eee 
ra he ee 
ae ee 
<2 es ee 
ee eo 
ee ee Les 
ee eee 
oe ae ee 
pe es 
eae ee ee 


4. Transition is measured + 500 mV from steady-state voltage with load of Figure 1B. 
5. This parameter is sampled and not 100% tested. = 
6. E1 and E2 are both represented by E in this data sheet. E2 is opposite polarity to E1. 


READ CYCLE 1 (See Notes) 


TAVAV 
acoressXSSOSOSOSCSCSCSCSCSC~*S 
'AXQX | 
Q (DATA OUT) PREVIOUS DATA VALID MEX X XY DATA VALID 
KAAA 
t avay ———>- 


NOTES: a 
1. Device is continuously selected (E1 = Vj_, E2 = Vip, G = Vj). 
2. Addresses valid prior to or coincident with E1 going low (and E2 going high). 
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MCM6264C 


READ CYCLE 2 (See Notes) 
'AVAV 
A (ADDRESS) 
teLgy 
E (CHIP ENABLE) 


G (OUTPUT ENABLE) 


Q (DATA OUT) 


Voc SUPPLY CURRENT 
SB 


NOTES: 
1. Addresses valid prior to or coincident with E1 going low (and E2 going high). 


po 


DATA VALID 





TEHICCL 


2. E1 and E2 are both represented by E in this data sheet. E2 is of opposite polarity to E1. 





AC TEST LOADS 
+5V 
OUTPUT 6 
255 5 pF 
(INCLUDING 
Vi = 1.73 V SCOPE AND JIG) 
Figure 1A Figure 1B 
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TIMING LIMITS 


The table of timing values shows either 
a minimum or a maximum limit for each 
parameter. Input requirements are speci- 
fied from the external system point of view. 
Thus, address setup time is shown as a 
minimum since the system must supply at 
least that much time (even though most 
devices do not require it). On the other 
hand, responses from the memory are 
specified from the module point of view. 
Thus, the access time is shown as a maxi- 
mum since the module never provides 
data later than that time. 





MCM6264C 


WRITE CYCLE 1 (W Controlled, See Notes 1 and 6) 


Parameter 


Address Valid to End of Write taVWH 
Write Pulse Width | {WLWH 


| Data Valid to End of Write tpvwH 





1. Awrite occurs during the overlap of Ef low (and E2 high) and W low. 

2. All write cycle timing is referenced from the last valid address to the first transitioning address. 

3. Transition is measured + 500 mV from steady-state voltage with load of Figure 1B. 

4. This parameter is sampled and not 100% tested. 

5. At any given voltage and temperature, twLQz max is less than twH@x min both for a given device and from device to device. 
6. E1 and E2 are both represented by E in this data sheet. E2 is of opposite polarity to E1. 





WRITE CYCLE 1 


TAVAV 


awooess nee! 


tWHAX 
E (CHIP ENABLE) 


W (WRITE ENABLE) 


tt Ave anal 'WHDX 
DIOATAIN) XXXXXXXXXAMAKAAKA_DATAvALIO. | XXX 


tw.qz 3 : tWHOX 
| Q (DATA OUT) HIGH-Z (YX) HIGH-Z O68 
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MCM6264C 


WRITE CYCLE 2 (E Controlled, See Notes 1 and 5) 


Parameter . 
Write Cycle Time 
Address Setup Time 
Address Valid to End of Write taw 
Enable to End of Write tcw 
Enable to End ot Write tELWH 
Write Pulse Width twp 
Data Valid to End of Write tow 
Data Hold Time tDH 
Write Receovery Time twrR 


NOTES: 
1. Awrite occurs during the overlap of E1 low (and E2 high) and W low. 
. All write cycle timing is referenced from the last valid address to the first transitioning address. 
. If E1 goes low (and E2 goes high) coincident with or after W goes low, the output will remain in a high impedance condition. 
. If E1 goes high (and E2 goes low) coincident with or before W goes high, the output will remain in a high impedance condition. 
. E1 and E2 are both represented by E in this data sheet. E2 is of opposite polarity to E1. 


| Min | wax | 

fee sed 

ca 

ie Wee 

eee 
12 





oO & © PP 





WRITE CYCLE 2 


TAVAV 


Amcor eS 


E (CHIP ENABLE) 


TEHAX 


W (WRITE ENABLE) 
'EHDX 





tDVEH 


DIDATAIN) XXXXXXXXXKKKXXKK KKKKX 


Q (DATA OUT) HIGH-2 


ORDERING INFORMATION 
(Order by Full Part Number) 


| MCM 6264 xx C Xxx XX 
Motorola Memory cee a ees Shipping Method (R2 = Tape & Reel, Blank = Rails) 
Part Number [Speed (20 = 20 ns, 25 = 26 ns) 

Package (P = Plastic DIP, NJ = Plastic SOJ) 


Operating Temperature Range 


Full Part Numbers - MCM6264PC20 MCM6264NJC20 MCM6264NJC20R2 
MCM6264PC25 MCM6264NJC25 MCM6264NJC25R2 
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MOTOROLA a ae 
=a SEMICONDUCTOR es 
TECHNICAL DATA | 


MCM6264D_ 


8K x 8 Bit Fast Static RAM 


The MCM6264D is a 65,536 bit static random access memory organized as 
8,192 words of 8 bits, fabricated using high-performance silicon-gate CMOS 
technology. Static design eliminates the need for external clocks or timing 
strobes, while CMOS circuitry reduces power consumption and provides for 
greater reliability. _ P PACKAGE 

Chip enables (E1 and E2) control the power-down feature. They are not clocks 300 MIL PLASTIC 
but rather chip controls that affect power consumption. In less than a cycle time CASE 710B 
after E1 goes high (and E2 goes low), the part automatically reduces it power 
requirements and remains in this low-power standby mode as long as E71 remains 
high and (E2 remains low). This feature provides significant system-level power 
savings. 

The MCM6264D is available in a 300 mil, 28 lead plastic dual-in-line package 
or a 300 mil, 28 lead plastic SOJ package with the JEDEC standard pinout. 





e Single 5 V + 10% Power Supply . ps ey 
e Fast Access Time: 20, 25, 35, 45 ns CASE 810B 


e Chip Controls: _ 
Chip Enables (E71 and E2) for Reduced-Power Standby Mode 
Output Enable (G) Feature for Increased System Flexibility and to 
Eliminate Bus Contention Problems 


e Three-State Outputs 

e Fully TTL Compatible 

e Power Operation: 120, 100, 90, 80 mA (Maximum) 

e High Board Density SOJ Package Available 

e Also Available in Industrial Temperature Range as MCM6264D-C 


PIN ASSIGNMENT 










BLOCK DIAGRAM 

i Ds | Yec 
A3 Pam "ss 
A4 Le 

| MEMORY MATRIX 
»%—[>—| row 256 ROWS X 32 
re Be DECODER X 8 COLUMNS 
eee Peat 


INPUT 
DATA 
CONTROL 








pao > 

pai 

eS 
like 


DQ7 i 
All power supply and ground pins must be 


eS <] connected for proper operation of the device. 


Address Inputs 
Write Enable 
Output Enable 

Chip Enable 

Data Input/Output 

+ 5 V Power Supply 
Ground 

No Connection 


A6 A10 Al2 





AO Al 





oz ST 
a 
Lig 
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MCM6264D 


| Mode | Vcc Current | Output | Cycle 
Not Selected | ligpy.isp2 | HighZ | — | 


Icca__|_High-z 
cca | Pour | Read Cycle 
| write | toca | in| Write Cycte 





ABSOLUTE MAXIMUM RATINGS (Voltages referenced to Vss = 0 V) 


Power Supply Voltage — 0.5 to 7.0 
TA 













[Unit | 
ee eee ee, 
Power sspatonTa=25°0) «Pp | te «dS 
[operating Temperate Sd Sta | Ow —~«d|C 
Storage Temperature — Plastic 


NOTE: Permanentdevice damage may occur if ABSOLUTE MAXIMUM RATINGS are exceeded. 
Functional operation should be restricted to RECOMMENDED OPERATING 
CONDITIONS. Exposure to higher than recommended voltages for extended periods of 
time could affect device reliability. 
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This device contains circuitry to 
protect the inputs against damage 
due to high static voltages or electric 
fields; however, it is advised that 
normal precautions be taken to 
avoid application of any voltage 
higher than maximum rated voltages 
to this high impedence circuit. 


This CMOS memory circuit has 
been designed to meet the dc and ac 
specifications shown in the tables, 
after thermal equilibrium has been 
established. The circuit is in a test 
socket or mounted on a printed 
circuit board and transverse air flow 
of at least 500 linear feet per minute 
is maintained. 








MCM6264D 


DC OPERATING CONDITIONS AND CHARACTERISTICS 
(Voc = 5.0 V t 10%, Ta = 0 to + 70°C, Unless Otherwise Noted) 


RECOMMENDED OPERATING CONDITIONS (Voltages referenced to Vss = 0 V 


) 


*Vit (min) = — 0.3 V de; Vi, (min) = — 3.0 V ac (pulse width < 20 ns) 











DC CHARACTERISTICS 


parameter Symbol 
Input Leakage Current (All Inputs, Vin = 0 to Vcc) likg(I) 


Output Leakage Current (E1 = Vj, E2 = Vin, Vout = 0 to Voc) Iikg(O) 
tavav = 35 ns 


ICCA 
tAVAV = 45 ns 


TTL Standby Current (E1 = Vip, E2 = Vj, No Restrictions on Other Inputs) 
CMOS Standby Current (E1 => Vcc — 0.2 V, E2 < 0.2 V, No Restrictions on Other Inputs) 
Output Low Voltage (Io, = + 8.0 mA) Vo 

: - 


L 




















AC Supply Current (lout = 0 MA, Voc = Max) tavav = 20 ns 
tavaAy = 29 ns 












Output High Voitage (IoH = — 4.0 mA) 





CAPACITANCE (f = 1.0 MHz, dV = 3.0 V, Ta = 25°C, Periodically Sampled Rather Than 100% Tested) 


Input Capacitance (All Inputs Except DQ) 


=e 

Characteristic 
in | 6 | 

Eee 





Input/Output Capacitance 


AC TEST LOAD TIMING LIMITS 


The table of timing values shows either 

+5V a minimum or a maximum limit for each 

parameter. Input requirements are speci- 

480 fied from the external system point of view. 

Thus, address setup time is shown as a 

Q minimum since the system must supply at 
least that much time (even though most 
devices do not require it). On the other 


255 5 pF 
(INCLUDING hand, responses from the memory are 
SCOPE AND JIG) specified from the module point of view. 
Thus, the access time is shown as a maxi- 
—= mum since the module never provides 
data later than that time. 
Figure 1 
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MCM6264D 


AC OPERATING CONDITIONS AND CHARACTERISTICS 
(Voc = 5.0 V + 10%, Ta = 0 to + 70°C, Unless Otherwise Noted) 


Input Timing Measurement Reference Level ........ 1.5V Output Timing Measurement 
Input Pulse Levels ......... 0.0.0.0... cece ee eee 0 to 3.0 V Reference Level ...............0 cece eee 0.8 and 2.0 V 
Input Rise/Fall Time ............. 0... cee cece ees 5ns Output Load ....... See Figure 1 Unless Otherwise Noted 


READ CYCLE TIMING (See Note 1) 


Symbol MCM6264D-20 | MCM6264D-25 ; MCM6264D-35 | MCM6264D-45 

Read Cycle Time tAVAV R 20 
Address Access Time tAA 
Enable Access Time tacs 


Output Enable Access tGLaV 
Time 

Output Hold from Address | taxaQx 
Change 

Enable Low to Output tELQx | tcLz 
Active 

Output Enable to Output tGLax | toLz 
Active 

Enable High to Output tEHQZ | tCHZ 
High-Z 

Output Enable High to tGHQZ_ {tOHZ 
Output High-Z 


Power Up Time tELICCH | tp 
Power Down Time tEHICCL | tPD 


Eee] 
NOTES: 


1. Wis high for read cycle. 


2. Allhigh-Z and low-Z parameters are considered in a high or low impedance state when the output has made a 500 mV transition from previous 
steady state voltage. 

3. These parameters are periodically sampled and not 100% tested. 

4. E1 and E2 are both represented by E in this data sheet. E2 is opposite polarity to ET. 
















Parameter 





d 


tOE 
tOH 4 
4 


2 


Cc 


Fax | in 
Scenes 
Eade el a 
Po | — [sf 
Labbe ie 
Mighets 
al Ee el 
il he ae ae 
cae il oe 
Beta Se 
aa eae 
pe [— fs fe] 








READ CYCLE (See Note) 
TAVAV 


A (ADDRESS) 


E (CHIP ENABLE) e 
'GHaZ 
tGLax = Rear 


Q (DATA OUT) ae XX XX DATA VALID 
tavaV 


TEHICCL 





Voc SUPPLY CURRENT 
ISB 
NOTE: Wis high for read cycle. 
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MCM6264D 


WRITE CYCLE 1 (W Controlled, See Note 1) 


MCM6264D-20 MCM6264D-25 
Write Cycle Time tavav | twc 


Address Setup =| taywe tas 
Time 

Address Valid tavWH | tAwW 15 20 
to End of Write . 


MCM6264D-35 MCM6264D-45 


n 








ow 
oO 


— 


ay 
oa 






ie) 
OT 


NO 


nN 
o1 






nN 
o) 
Nh 
on 
~ 
n 


n 













Write Pulse twewH | twp 15 
Width 

Data Valid to . tpvwH | tpw 10 
End of Write 

Data Hold Time tWHDX FtpH | 0 

Write Low to twLaz | twz 10 15 
Data High-Z 

Write High to twHax | tow 4 
Output Active 

Write Recovery twHAX | twR 
Time 


NOTES: 
1. Awrite cycle starts at the latest transition of alow E1, low W, orhigh E2. Awrite cycle ends at the earliest transition of ahigh E1, high W, or low E2. 
2. If W goes low coincident with or prior to Et low or E2 high then the outputs will remain in a high impedance state. 
3. During this time the output pins may be in the output stage. Signals of opposite phase to the outputs must not be applied at this time. 
4. All high-Z and low-Z parameters are considered in a high or low impedance state when the output has made a 500 mV transition from the 
previous steady state voltage. 
5. These parameters are sampled and not 100% tested. 


ok 
o1 
—_ 
or 
pe 
n 


> aw w 
or 





WRITE CYCLE 1 


TAVAV 


'WHAX 
E (CHIP ENABLE) 
Ww Gite ENABLE) _ 
~—a—t AVWE tWHDX 
sown EXER KEKE KE RRKEEK ses | YRKRS 
tw.qz T'WHOX 
ayoata our) —Hh#2_(YX) na eee 
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MCM6264D 


WRITE CYCLE 2 (E Controlled, See Note 1) 





Address Setup tAVEL tas 
Time 
Address Valid tavVEH | taw 15 20 
to End of Write 
Enable to End of teELEH | tow] 15 20 
Write 
Data Valid to toVEH | tow 10 10 
End of Write 
Write Recovery tEHAX | twR 
Time 
NOTES: — = = a 
1. Awrite cycle starts at the latest transition of alow E1, low W, or high E2. A write cycle ends at the earliest transition of a high E1, high W, or low E2. 
2. E1 and E2 timings are identical when E2 signals are inverted. 
3. If W goes low coincident with or prior to E1 low or E2 high then the outputs will remain in a high impedance state. 
4. During this time the output pins may be in the output stage. Signals of opposite phase to the outputs must not be applied at this time. 
5. E1 and E2 are both represented by E in this data sheet. E2 is of opposite polarity to E1. 
WRITE CYCLE 2 
TAVAV 


A (ADDRESS) 


E (CHIP ENABLE) 
tEHAX 


W (WRITE ENABLE) 
TEHDX 


WYK 





t DVEH 


DATA VALID 





D (DATA) KXXXXXKKKXXAKKKK7 





Q (DATA OUT) nee 
ORDERING INFORMATION 
(Order by Full Part Number) 
: MCM 6264D xx_ _Xx XX 
Motorola Memory Sigel, | LL Shipping Method (R2 = Tape & Reel, Blank = Rails) 
——_—————— Speed (20 = 20 ns, 25 = 25 ns, 35 = 35 ns, 45 = 45 ns) 


Part Number 


Package (P = Plastic DIP, J = 400 mil Plastic SOu, 
NJ = 300 mil Plastic SOJ) 





Full Part Numbers — MCM6264DP20 MCM6264DNJ20 MCM6264DNJ20R2 
MCM6264DP25 MCM6264DNJ25 MCM6264DNJ25R2 
MCM6264DP35 MCM6264DNJ35 MCM6264DNJ35R2 
MCM6264DP45 MCM6264DNJ45 MCM6264DNJ45R2 
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MOTOROLA 
= SEMICONDUC ys 


MCM6264D-C 


TECHNICAL DATA 


8K x 8 Bit Fast Static RAM 
Industrial Temperature Range: —40 to 85°C 


The MCM6264D-C is a 64,536 bit static random access memory organized as 
8,192 words of 8 bits, fabricated using high-performance silicon-gate CMOS 
technology. Static design eliminates the need for external clocks or timing 
strobes, while CMOS circuitry reduces power consumption and provides for P PACKAGE 
greater reliability. 300 MIL PLASTIC 

Chip enables (E1 and E2) control the power-down feature. They are not clocks CASE 710B 

~ but rather chip controls that affect power consumption. In less than a cycle time 
after E1 goes high (and E2 goes low), the part automatically reduces it power 
requirements and remains in this low-power standby mode as long as E1 remains 
high and (E2 remains low). This feature provides significant system-level power 





savings. 
The MCM6264D-C is available in a 300 mil, 28 lead plastic dual-in-line 
package or a 300, 28 lead plastic SOJ package with the JEDEC standard pinout. NJ PACKAGE 
e Single 5 V + 10% Power Supply 300 MIL SOJ 
: CASE 810B 
e Fast Access Time: 25, 35, 45, 55 ns 
e Chip Controls: 


Chip Enables (E1 and E2) for Reduced-Power Standby Mode 
Output Enable (G) Feature for Increased System Flexibility and to Eliminate 
Bus Contention Problems 


e Three-State Outputs 

e Fully TTL Compatible 

e Low Power Operation: 115, 100, 90, 80 mA (Maximum) 

e High Board Density SOJ Package Available 

e Also Available in Commercial Temperature Range as MCM6264D 


PIN ASSIGNMENT 











BLOCK DIAGRAM 

AQ P 

ee 

A2 > 

Feo] ee 
A7 P>— DECODER 512 COLUMNS) 
AB > 

Ag BP 

ato———_ >— 










INPUT 
DATA 


CONTROL} |] ty di di kt vil UU UY CAORKA12 Joe, Address Inputs 


DQ6 | ‘ae Wott ena ey iat nates Write Enable 
he Kig Sikc Gig conta te rks als Output Enable 
Bie tw tesacane Chip Enable 


DQO-DQ7 .......... Data Input/Output 
VGC) ac anteeies + 5 V Power Supply 
NGGs cegis teers ueste es Ground | 
NG cata tseeaiel 2ee it No Connection 


[Rem 


All power supply and ground pins must be 
connected for proper operation of the device. 


loam 
pee ramen, 
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MCM6264D-C 





|W | Mode | Vcc Current | Output_ 
Not Selected 








Icca___|_Highz 
ICCA 
| write | tcca | in 










Power Supply Voltage ~ 0.5 to 7.0 


Voltage Relative to V Vin, V -—0.5to Veco +0.5 








StvageTonwerre Paso | Tyg | 6828] 0 


NOTE: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are exceeded. 
Functional operation should be restricted to RECOMMENDED OPERATING 
CONDITIONS. Exposure to higher than recommended voltages for extended periods of 
time could affect device reliability. 


V 

V 
A 
C 
Cc 
°C 


This device contains circuitry to 
protect the inputs against damage 
due to high static voltages or electric 
fields; however, it is advised that 
normal precautions be taken to 
avoid application of any voltage 
higher than maximum rated voltages 
to this high impedence circuit. 


This CMOS memory circuit has 
been designed to meet the dc and ac 
specifications shown in the tables, 
after thermal equilibrium has been 
established. The circuit is in a test 
socket or mounted on a printed 
circuit board and transverse air flow 
of at least 500 linear feet per minute 
is maintained. 


DC OPERATING CONDITIONS AND CHARACTERISTICS 
(Vcc = 5.0 V + 10%, Ta +— 40 to + 85°C, Unless Otherwise Noted) 


RECOMMENDED OPERATING CONDITIONS (Voitages referenced to Vss = 0 V) 












Input High Voltage VIH 
Input Low Voltage 


*ViL (min) = — 0.3 Vdc; Vj, (min) = — 3.0 Vac (pulse width < 20 ns); Viz (min) = — 0.5 Vdc) 


VIL 


DC CHARACTERISTICS 


Input Leakage Current (All Inputs, Vin = 0 to Voc) 


Output Leakage Current (E1 = Vi_, E2 = Vin, Vout = 0 to Voc) 


tavAV = 29.Nns 
tavaAv = 35 ns 
tavav = 45 ns 
tAVAV = 99 ns 


AC Supply Current (Igut = 9 MA, Voc = Max) 


Characteristic 


Input Capacitance (All Inputs Except DQ) 


Input/Output Capacitance 
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Supply Voltage (Operating Voltage Range) 








MCM6264D-C 


AC OPERATING CONDITIONS AND CHARACTERISTICS 
(Vcc = 5.0 V + 10%, Ta = 0 to + 70°C, Unless Otherwise Noted) 


Input Timing Measurement Reference Level ........ 1.5V Output Timing Measurement 
Input Pulse Levels ........... 0... c ce eee eee eee 0to3.0V Reference Level ..............00 cee eeeee 0.8 and 2.0 V 
Input Rise/Fall Time ................ 0... eee eee eee 5 ns Output Loa) ay-< 6 yon decd eae oe eae ied See Figure 1 


READ CYCLE TIMING (See Note 1) 


Parameter 


Read Cycle Time tAVA' 


tava 
tELQ 
tGLa 


Address Access Time 


> 


Enable Access Time 


> 


Output Enable Access 
Time 


Output Hold from Address 
Change 


taxQ tOH 


Enabie Low to Output 
Active 


tELQx | tcLz 


Output Enable to Output 
Active 


tGLax | toLz 


Enable High to Output 
High-Z 


tEHQZ | tCHZ 


Output Enable High to 
Output High-Z 


tGHQZ_ | tOHZ 


Power Up Time 


tELICCH | tPU 


tEHICCL 





Power Down Time 
NOTES: 
1. Wis high for read cycle. 
2. All high-Z and low -Z parameters are considered in a high or low impedance state when the output has made a 500 mV transition from previous 
Steady state voltage. 
3. These parameters are periodically sampled and not 100% tested. 
4. E1 and E2 are both represented by E in this data sheet. E2 is opposite polarity to ET. 


READ CYCLE 


TAVAV 
A (ADDRESS) 





teLqy 
E (CHIP ENABLE) 


& Da! Bis 
G (OUTPUT ENABLE) Cl Ped 
coe] oo pty one 
a ) a XXX? DATAVALID | 
tAVaV > tEHICCL 
; 'ELICCH 


Vac SUPPLY CURRENT 
CC Isp 


NOTE: Wis high for read cycle. 
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MCM6264D-C 


WRITE CYCLE 1 (W Controlled, See Note 1) 




























NOTES: 


Symbol MCM6264DC-25 | MCM6264DC-35 | MCM6264DC-45 | MCM6264DC-55 
Parameter | std. | art. | min | Max | Min | Max | Min | Max | Min | Max 
Address Setup tavwe | tas 
Time 
Address Valid tavwH | taw 20 5 35 45 
to End of Write 
Write Pulse twiWH | ‘WE 13 = 20 = 25 — 30 — 
Width 
Data Valid to tpvwWH | tpw 10 15 20 25 
End of Write 
DataHorTime | twuox | tow | o | — | eo | — { 9 | — | o | — | 
Write Low to twLaz | twz 15 15 15 13 
Data High-Z 
Wirte High to twHax | tow 4 5 3) 5 
Output Active 
Write Recover tWHAX | twWR 
Time 


































1. Awrite cycle starts at the latest transition of alow E1, low W, or high E2. A write cycle ends at the earliest transition of ahigh E1, high W, or low E2. 
2. If W goes low coincident with or prior to E1 low or E2 high then the outputs will remain in a high impedance state. 

3. During this time the output pins may be in the output stage. Signals of opposite phase to the outputs must not be applied at this time. 

4. All high-Z and low-Z parameters are considered in a high or low impedance state when the output has made a 500 mV transition from the 





previous steady state voltage. 
5. These parameters are sampled and not 100% tested. 


WRITE CYCLE 1 


TAVAV 
A noone ee 
, 'WHAX 
E (CHIP ENABLE) 
W (WRITE ENABLE) | 
—a—tavwe | ee tix 


vonany XXXXXXXXRKKKXXKE 


twLqz 


Q (DATA OUT) wie 


AC TEST LOAD 


OX) 


DATA VALID ha XX XX 
'WHQX 
XX? 


HIGH-Z 


TIMING LIMITS 


+5V The table of timing values shows either a minimum or 

a maximum limit for each parameter. Input requirements 

480 are specified from the external system point of view. 

Thus, address setup time is shown as a minimum since 

Q the system must supply at least that much time (even 
255 5 pF though most devices do not require it). On the other 
(INCLUDING hand, responses from the memory are specified from the 

SCOPE AND JIG) module point of view. Thus, the access time is shown as 


Figure 1 


a maximum since the module never provides data later 
than that time. 
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MCM6264D-C 


WRITE CYCLE 2 (E Controlled, See Note 1) 


~ Symbol MCM6264DC-25 | MCM6264DC-35 | MCM6264DC-45 | MCM6264DC-55 


Write Cycle Time tavav | twc 25 35 
20 25 
20 25 
10 15 
Data Hold Time tEHDX 
3. If W goes low coincident with or prior to E1 low or E2 high then the outputs will remain in a high impedance state. 


Address Setup tAVEL 
Time 
Write Recover tEHAXx | t 
Time 
4. During this time the output pins maybe in the output stage. Signals of opposite phase to the outputs must not be applied at this time. 


t 
Address Valid tAVEH t 
to End of Write 
t 
t 
NOTES: 
5. E1 and E2 are both represented by E in this data sheet. E2 is of opposite polarity to E1. 



















rite [wwe [nn [wer [ 
a Se 
MBE eee ee 
Wiel ocak Baal ah Ua hak 
Lemicnictaby Anker 
al eal eal a 
es ee 
had ae oe Ge ae Re 





AS 
AW 
Enable to End of tELEH CW 
Write 
Data Valid to tpVEH DW 
End of Write 
WR 
1. Awrite cycle starts at the latest transition of alow E1, low W, or high E2. Awrite cycle ends at the earliest transition of ahigh E1, high W, or low E2. 
2. Et and E2 timings are identical when E2 signals are inverted. 





WRITE CYCLE 2 


T AVAV 


E (CHIP ENABLE) 





tEHAX 
W (WRITE ENABLE) 
'EHDX 
t pVEH 
D(DATAIN) X XXXXXAXXXAKAAKAAZ KX 
Q (DATA OUT) HIGH'Z 
ORDERING INFORMATION 


(Order by Full Part Number) 


MCM 6264D xx C XX XX 
sia Shipping Method (R2 = Tape & Reel, Blank = Rails) 
——_—————_ Speed (25 = 25 ns, 35 = 35 ns, 45 = 45 ns, 55 = 55 ns) 
Operating Temperature Range 
(C = —40° to 85°C, Blank = Commercial) 


Motorola Memory prea 
Part Number 
Full Part Numbers — MCM6264DPC25. MCM6264DNJC25 MCM6264DNJC25R2 
MCM6264DPC35 MCM6264DNJC35 MCM6264DNJC35R2 
MCM6464DPC45 MCM6264DNJC45 MCM6264DNJC45R2 
MCM6264DPC55 MCM6264DNJC55 MCM6264DNJC55R2 





Bas (P = Plastic DIP, J = 400 mil Plastic SOJ, 
NJ = 300 mil Plastic SOU) 
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MOTOROLA 
= SEMICONDUCQ yw 
TECHNICAL DATA 


MCM6265-15, -20, -25 
See QuickRAM, Page 7-122 


See QuickRAM Il, Page 7-142 


Az a 
Vv 
A3 bP — cc 
A4 > ¥Ss 
o— P PACKAGE 
A5— Pom MEMORY MATRIX 300 MIL PLASTIC 
ROW 256 ROWS x CASE 710B 
AT Pea DECODER 32 x 9 COLUMNS 
AQ Pom 
poe il 
All D> oss 28 





1 
NJ PACKAGE 
300 MIL SOJ 
CASE 810B 


COLUMN 1/0 


COLUMN DECODER 









PIN ASSIGNMENT 












ETE ETE Address Input | §1,E2................. Chip Enable 
DQ0-DQ8 .......... Data Input/Output NGG. Kaciitie§ ou dute +5 V Power Supply 
WW sscXint pe ccicts dome denned Write Enable | Vgg........- cece eee Ground 

Seer rr ee ee Tee Output Enable 






MCM6265 TRUTH TABLE (X = don’t care) 


Not Selected | Ispi, Ispo 
Not Selected IsB1, IsB2 _ 
Output Disabled ICCA = 





Read ICCA Read Cycle 
Write ICCA Write Cycle 
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MOTOROLA 


= SEMICONDUCTOR 
TECHNICAL DATA 





4Kx4 Bit Static Random Access 
Memory 


The MCM6268 and MCM6269 are 16,384-bit static random access memories organized 
as 4096 words of 4 bits, fabricated using Motorola’s high-performance silicon-gate CMOS 
technology. Static design eliminates the need for external clocks or timing strobes, while 
CMOS circuitry reduces power consumption and provides greater reliability. Fast access 
time makes this device suitable for cache and other sub-50 ns applications. 

The MCM6268 uses a chip enable (E) function which is not a clock. In less than a cycle 
time after E goes high, the part enters a low-power standby mode, remaining in that state 
until E goes low again. This device also incorporates internal power down circuitry that 
will reduce active current for less than 100% duty cycle applications. These features pro- 
vide reduced system power requirements without degrading access time performance. 

Similar in design to the Motorola MCM6268, the MCM6269 features an enhanced chip 
select circuit allowing access to data in as little as 10 ns. 

Both devices are available in a 20 lead plastic dual-in-line package and feature the stan- 
dard JEDEC pinout. 


@ Single 5 V Supply, + 10% 

@ 4K x4 Bit Organization 

@ Fully Static—No Clock or Timing Strobes Necessary 

@ Three State Output 

@ Fully TTL Compatible 

@ Fast Access Time (Maximum) (xx = 68 or 69): 

MCM6268 MCM6269 
Address Chip Enable Chip Select 

MCM62xxP20 20 ns 20 ns 10 ns 
MCM62xxP25 25 ns 25 ns —12ns 
MCM62xxP35 35 ns 35 ns 15 ns 
MCM6268P45 45 ns 45 ns 
MCM6268P55 55 ns 55 ns 


@ Low Power Operation: 110 mA Maximum, Active AC 


BLOCK DIAGRAM 


AO <= eackiyet 

Al aR ‘a 

- ~~ Vss 
O— row MEMORY MATRIX 

A3 2 DECODER 128 ROWS x 

A4 PP crm 128 COLUMNS 

AS Pas 

AG Pam 











=a 
pao COLUMN 1/0 
Dai INPUT 
DATA 
DQ2 CONTROL 
DQ3 
E (MCM62 ae 
E (M 68) 
ms} ICR 
ae 
e@ 
wo) 
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MCM6268 
MCM6269 


P PACKAGE 
PLASTIC 
CASE 738 





PIN ASSIGNMENT 


Address Input 
Write Enable 

Chip Enable 

Chip Select 

Data Input/Output 
+5 V Power Supply 
Ground 


E (MCM6268) 
S (MCM6269) 








MCM6268e MCM6269 


TRUTH TABLE 
Gales This device contains circuitry to protect the 
| es |W] Mode | pe rally cee 1/0 Pin inputs against damage due to high static 


voltages or electric fields; however, it is ad- 








H X | Not Selected Icc i vised that normal precautions be taken to 
L H Read Read Cycle avoid application of any voltage higher than 
L L Write Cycle maximum rated voltages to this high- 


impedance circuit. 


ABSOLUTE MAXIMUM RATINGS (See Note) 
Rating 


Power Supply Voltage —0.5 to +7.0 


Pin Except Vcc 

Output Current (per I/O) 
Power Dissipation (Ta = 25°C) | Pp [| 10d] Cw 
Temperature Under Bias 
°C 


NOTE: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are 
exceeded. Functional operation should be restricted to RECOMMENDED 
OPERATING CONDITIONS. Exposure to higher than recommended voltages for 
extended periods of time could affect device reliability. 
























DC OPERATING CONDITIONS AND CHARACTERISTICS 
(Vcc = 5.0 V +10%, Ta = 0 to 70°C, Unless Otherwise Noted) 


RECOMMENDED OPERATING CONDITIONS 


Supply Voltage (Operating Voltage Range) 


Input High Voltage 
Input Low Voltage 


¥Vi_ (min) = —0.5 V de; Vi (min) = —3.0 V ac (pulse width <20 ns) 





DC CHARACTERISTICS 










Parameter 


AC Supply Current (loy¢=0 mA) 





TTL Standby Current (E= Vj}, No Restrictions on Other Inputs) (MCM6268) 


CMOS Standby Current (E=Vcc —0.2 V, No Restrictions on Other Inputs) 
MCM6268-20, 25, 35 


MCM6268-45, 55 
(S=Vcc —0.2 V, Vin s0.2 V, or =Vec—0.2 V) (MCM6269) 


Output Low Voltage (io, =8.0 mA) | Vor | - | 
Output High Voltage (ioH = — 4.0 mA) | Von | 24 | 
















Symbol 


Input Capacitance Ail inputs Except E, S 
E,S 


1/O Capacitance Ci/0 
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MCM6268e MCM6269 


AC OPERATING CONDITIONS AND CHARACTERISTICS 
(Vcc = 5 V +10%, Ta=0 to +70°C, Unless Otherwise Noted) 


Input Reference Level ........... 0.0.20 e ee eeee 15V Output Reference Level ..........- 000+ eee eee 1.5V 
Input Pulse Levels .. 1... 2.0.2 cee eee ee eee 0 to 3.0 V Output Load............ Figure 1A Unless Otherwise Noted 
Input Rise/Fall Time ............ 20.02 eee weenie 5 ns 









READ CYCLE (See Note 1) 
MCM6268P20| MCM6268P25| MCM6268P35 
Dace cakes | Symbol MCM6269P20 | MCM6269P25| MCM6289P36 | MCM6268P46 | MCMé268P66 
Read Cycle Time tAVAV 
Address Access Time tavav 










Enable Low to Output Active | terax | tiz | 


Select Low to Output Active | ts_ox tLz 
(MCM6269) 






v 





Enable High to Output HighZ| tenor | tz | © | 8 | 0 | | 0 | | 0 | | 0 | 20 | m [345 
Select High to Output High-Z | 
(MCM6269) 
Power Down Time tEHICCL 
(MCM6268) 
NOTES: 
1 
2. All read cycle timing is referenced from the last valid address to the first transitioning address. 
3. At any given voltage and temperature, teQz (or ts0z) max, is less than te_Qx (or ts_Qx) min, both for a given device and from device 


ower Up Tine (mowezae) [encon| ee I (RC 
. Wis high for read cycle. 
to device. 








4. Transition is measured +500 mV from steady-state voltage with load of Figure 1B. 
5. This parameter is sampled and not 100% tested. 
6. Device is continuously selected (E or S=Vj,). 
7. Addresses valid prior to or coincident with E or S going low. 
READ CYCLE 1 (See Note 6 Above) 
tAVAV 
. taxax 
Q (DATA OUT) PREVIOUS DATA VALID SECCOCSY DATA VALID 
tavOV 
READ CYCLE 2 (See Note 7 Above) 
tAVAV 
tELOV. 
(MCM6268) E (CHIP ENABLE) 'SLOV 
(MCM6269) S (CHIP SELECT) 
ae tELOX. tEHOZ. 
tstax — | 'SHOZ 
\/ 
Q (DATA OUT) ] OXXK XK 9 DATA VALID — 
tavav ; 
tELICCH tEHICCL 
Vee cc ; 
(MCM6268) SUPPLY 
CURRENT Isp 
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MCM6268e MCM6269 


WRITE CYCLE 1 (W Controlled, See Note 1) 


MCM6268P20 | MCM6268P25 
MCM6269P20 | MCM6269 


Standerd]ARernate] Min | 
20 | 
a 





twR 


NOTES: o 2 
1. A write occurs during the overlap of E or S low and W low. 


. All write cycle timing is referenced from the last valid address to the first transitioning address. 


2 
3. Transition is measured +500 mV from steady-state voltage with load in Figure 1B. 
4. Parameter is sampled and not 100% tested. 

5 


. At any given voltage and temperature, tywyLQz max, is less than twHQx min, both for a given device and from device to device. 


tAVAV 


A (ADDRESS) 


(MCM6268) E (CHIP ENABLE) 
(MCM6269) S (CHIP SELECT) 


W (WRITE ENABLE) 


tAVWL 


tWLaz 


HIGH-Z VV 7 
Q (DATA OUT) OOOO 
(\LALS 
AC TEST LOADS 
+5V +5V 
480 480 
Q Q 
255 30 pF 255 5 pF 
(INCLUDING (INCLUDING 


SCOPE AND JIG) SCOPE AND JIG) 


Figure 1A Figure 1B 
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ee ia 


tWHAX 


tWHDX 


ee 
vomnm XEXXXKXKKX e Cap OXXXK 


XXX 


tWHOX 


TIMING LIMITS 


The table of timing values shows either 
a minimum or a maximum limit for each 
parameter. Input requirements are specified 
from the external system point of view. 
Thus, address setup time is shown as a 
minimum since the system must supply at 
least that much time (even though most 
devices do not require it). On the other 
hand, responses from the memory are 
specified from the device point of view. 
Thus, the access time is shown as a 
maximum since the device never provides 
data later than that time. 





MCM6268e MCM6269 


WRITE CYCLE 2 (E, S Controlled: See Note 1) 


| reemee — [_temt 


Write Cycle Time tAVAV twc 














Alternate 


| 2 | - | oe | - | es] - | | - | | - [os] 2 | 
co a Bk i We Sa 
tAVSL 
satanic) 7 Kd ik dK dH 
tAVSH 
(MCM6268) — 
Select to End of Write 
(MCM6269) 
(MCM6268) 
(MCM6269) 
se 
tWLS 
tDVSH 
ot 2 ll i a a at a 
tSHDX | 
= Nl Hi a i Wa Sel 
tSHAX 
NOTES: 


1. A write occurs during the overlap of E or S low and W low. 

2. All write cycle timing is referenced from the last valid address to the first transitioning address. 

3. If E or S goes low coincident with or after W goes low, the output will remain in a high impedance condition. 

4. If E or S goes high coincident with or before W goes high, the output will remain in a high impedance condition. 



















3 


| #/ §| $/ 9] 9] 8] 9] 











tAVAV 


tAVEH. tAVSH 


(MCM6268) E (CHIP ENABLE) | 
(MCM6269) S (CHIP SELECT) 
TAVEL- taVSL : tELEH tSLSH 


tELWH- tSLWH 






tEHAX: tSHAX 
W (WRITE ENABLE) <_—_—_—_—_——_ twLEH. twLsq ——_—____> 


tDVEH: 
teHDX: t 
‘hve EHDX: tSHDX 


pawn XXXII AK KKK tote wu XOX 


HIGH-Z 





Q (DATA OUT) 


ORDERING INFORMATION 
(Order by Full Part Number) 


MCM 6268 or 6269 P XX 


Motorola Memory en | | res Speed (20=20 ns, 25=25 ns, 35=35 ns, 


45=45 ns, 55=55 ns) 
Part Number ee ee eee | | 


Package (P= Plastic DIP) 


Full Part Numbers— MCM6268P20 MCM6269P20 
MCM6268P25 MCM6269P25 
MCM6268P35 MCM6269P35 
MCM6268P45 
MCM6268P55 
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MOTOROLA 


a SEMICONDUCTOR 
TECHNICAL DATA 





MCM6270 


J 


4K x 4 Bit Static RAM 


The MCM6270 is a 16,384-bit static random access memory organized as 4096 words of 
4 bits, fabricated using Motorola’s high-performance silicon-gate CMOS technology. 
Static design eliminates the need for external clocks or timing strobes, while CMOS cir- 
cuitry reduces power consumption for greater reliability. 

The MCM6270 is equipped with both chip enable (E) and output enable (G) inputs, 
allowing for greater system flexibility. Either input, when high, will force the outputs to 
high impedance. 


P PACKAGE 
PLASTIC 
CASE 736A 


@ Single 5 V Supply, + 10% 
@ Fully Static—No Clock or Timing Strobes Necessary ites iain 
@ Three-State Outputs CASE 810A 
@ Fully TTL Compatible 
@ Fast Access Time (Maximum): 
Address Chip Enable Output Enable 

MCM6270-20 20 ns 20 ns 10 ns 

MCM6270-25 25 ns 25 ns 12 ns PIN ASSIGNMENT 

MCM6270-35 35 ns 35 ns 14 ns 
@ Low Power Operation: 110 mA Maximum, Active AC DUAL-IN-LINE 


@ Output Enable (G) Feature for Increased System Flexibility and to Eliminate Bus 
Contention Problems 


BLOCK DIAGRAM 

















" = + Vee 
. ae —<+— Vss 
ne O—i row MEMORY MATRIX 
A3 Pam DECODER 128 ROWS x 
Ad S >— 128 COLUMNS 
Ad DP con 
“n——_{>— 
eres 
pad | COLUMN 1/0 
pai FS INPUT ODER 
| C4 | oars TO 
paz / ay CONTROL Le 
2 
p03 
[< 
< 4 
: : nn = 5 5 
at LR : 
¥ =» SATIS” ; 
6G v 8 
g 


-_ 
f= ] 


Address Input Chip Enable 


—_ 
ome 


DQ0-Da3 . Data Input/Output . . . +5 V Power Supply 
Write Enable 
Output Enable No Connection 


—_ 
nN 








MOTOROLA MEMORY DATA 


7-83 


MCM6270 


This device contains circuitry to protect the 
inputs against damage due to high static 
voltages or electric fields; however, it is ad- 
Not Selected vised that normal precautions be taken to 
Read i avoid application of any voltage higher than 
Read Read Cycle maximum rated voltages to this high- 


Write : Write Cycle impedance circuit. 





ABSOLUTE MAXIMUM RATINGS (See Note) 


Power Supply Voltage (Vcc) —0.5 to +7.0 V 
V 


[Unie 
Uwe 
Voltage Relative to Vsg for Any iver stemNcer Cet 
Pin Except Vcc 

JOutput Current (per) | out | 20 | ma 
[Power Dissipation (25°C) | Pp | tw 


NOTE: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are 
exceeded. Functional operation should be restricted to RECOMMENDED 
OPERATING CONDITIONS. Exposure to higher than recommended voltages for 
extended periods of time could affect device reliability. 











= 





DC OPERATING CONDITIONS AND CHARACTERISTICS 
(Vcc =5.0 V +10%, Ta =0 to 70°C, Unless Otherwise Noted) 


RECOMMENDED OPERATING CONDITIONS 


parameter | Symbol | min | 
| Supply Voltage (Operating Voltage Range) | ce | ||| 
| Min | 20 
|= 0.5% 










input High Voltage 
Input Low Voltage VE 


¥Vi_ (min) = —0.5 V de; Vi_ (min) = —3.0 V ac (pulse width <20 ns) 


DC CHARACTERISTICS 


pose 
ee 
po Parameter Symbol | Min | Max 
[Input Leakage Current (All Inputs, Vin=OtoVec) kg) | tt 
| Output Leakage Current (E=Vin or G=Vin or W=ViL, Vout=0t0Vcc) |i) | = || A 
- eerie 
=Vcc-0.2 V, No Restrict ae 
| ee 
| 24 
















AC Supply Current (Igyt=0 mA) ICCA 
TTL Standby Current (E= Vj}, No Restrictions on Other Inputs) | iga1 | 
CMOS Standby Current (E=Vcc — 0.2 V, No Restrictions on Other Inputs) | Isao _| 


Output Low Voltage (Io, =8.0 mA) 


Output High Voltage (Io = — 4.0 mA) 


CAPACITANCE (f= 1.0 MHz,.dV=3.0 V, Ta =25°C, Periodically Sampled Rather Than 100% Tested) 


po Charactoristic | Symbol | typ | Max | unit 
4 pF 


Input Capacitance All Inputs Except E Cin 


sw! OD 


~ 


E 5 
[VO Capacitance yo | 
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MCM6270 


AC OPERATING CONDITIONS AND CHARACTERISTICS 
(Vcc=5 V +10%, TA=0 to + 70°C, Unless Otherwise Noted) 


Input Timing Measurement Reference Level .......... 1.5V Output Timing Measurement Reference Level ......... 1.5V 
Input Pulse Levels ... 0.0.2... 00. eee eee eee 0 to 3.0 V Output Load............ Figure 1A Unless Otherwise Noted 
Input Rise/Fall Time... ....... 00.0 ee eee ee tes 5 ns 






READ CYCLE (See Note 1) 
| rama _Sutal 1 MEMEO MENEZES | MEMES | ui inoron 
[Standard | Alternate| Min | Mex | Min | Max | Min | Max_ 

[Read Cycle Time | tava | tre | 20 | ~ | 2 | - | 8 | - | ons | 2 | 
Address Access Time | tavov | tan | - | 20 | - | 2 | - | 3 | ns | | 
[Chip Enable Access Time | teva | tacs | — | 2 | — | 2 | — | 35 | ns | 
Output Enable Access Time | tcrov | toe | - | 10 | - | 2] - | [ins | 
Output Hold from Address Change | taxox | ton | 5 _ | 5s | - | nw] 
Chip Enable Low to Output Active | teox | uz {| 5 | - | 5 | - | 5 [| — | ns | 345) 
Chip Enable High to Output High-Z | tenoz | tuz | 0 | 

G 

HZ 















jo | 15 | ns | 34.5 | 
Output Enable Low to Output Active | tcox | uz | o | -~ | o | - | o | - | os | 345 
Output Enable High to Output High-Z |tcuoz | tz | o | 8 | o | @ | o | 15 | ns | 345° 
Power UpTime tui | tru | Oo | - | o | - | o | - | is | 
[Power DownTime  tewiccn | tp | ~ | 2 | - | 2 | -~ | | os] 


NOTES: 1. W is high for read cycle. 

2. All read cycle timing is referenced from the last valid address to the first transitioning address. 

3. At any given voltage and temperature, te}4Qz max is less than te_Qx min, and tgHQz Max is less than tgLQx min, both for a given 

device and from device to device. 

4. Transition is measured +500 mV from steady-state voltage with load of Figure 1B. 
5. This parameter is sampled and not 100% tested. 
6 
7 





. Device is continuously selected (E= Vj, G= Vit). 
. Addresses valid prior to or coincident with E going low. 


READ CYCLE 1 (See Note 6 Above) 


tAVAV 


A (ADDRESS) 










PREVIOUS DATA VALID 


a tavav 


READ CYCLE 2 (See Note 7 Above) 
tAVAV 


Q (DATA OUT) DATA VALID 


A (ADDRESS) 





tELOV 


E (CHIP ENABLE) 


teHoz 
tgHoz 
& (OUTPUT ENABLE) 


— ee 


tavav 


'ELICCH 


SUPPLY CURRENT 


tEHICCL 
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WRITE CYCLE 1 (W Controlled, See Notes 1 and 2) 





NOTES: . 
1. A write occurs during the overlap of E low and W low. 
2. If G goes low coincident with or after W goes low, the output will remain in a high impedance state. 
. All write cycle timing is referenced from the last valid address to the first transitioning address. 
. Transition is measured +500 mV from steady-state voltage with load in Figure 1B. 
. Parameter is sampled and not 100% tested. . . . 
. At any given voltage and temperature, twLQz max, is less than twwHQx min, both for a given device and from device to device. 


O or & WH 





| tAVAV 
tWHAX 
E (CHIP ENABLE) 
W (WRITE ENABLE) . 
YS YY YY VV Coxna vo VV YVJSVV 
ee XXKKKKX KXX Xx) eee = XXKKAKX 
twLaz | 
Q (DATA OUT) = OOOO La OOOe 
twHax 
AC TEST LOADS 
+5V +5V 
480 480 
Q O 
255 36 pF 255 =—— 5oF 
(INCLUDING (INCLUDING 
SCOPE AND JIG) SCOPE AND JIG) 
Figure 1A Figure 1B 
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WRITE CYCLE 2 (E Controlled; See Notes 1 and 2) 


Parameter 


NOTES: 


. Awrite occurs during the overlap of E low and W low. 
. If G goes low coincident with or after W goes low, the output will remain in a high impedance state. 





. If E goes low coincident with or after W goes low, the output will remain in a high impedance condition. 


1 
2 
3. All write cycle timing is referenced from the last valid address to the first transitioning address. 
4 
5 


. If E goes high coincident with or before W goes high, the output will remain in a high impedance condition. 


TAVAV 


E (CHIP ENABLE) 


W (WRITE ENABLE) 


tAVEL 





'ELEH = 


tELWH 
i 


tEHAX 


'DVEH tEHDX 


eon KID IDK KAKA KKK 


Q (DATA OUT) 


TIMING PARAMETER ABBREVIATIONS 


signal name from which interval is defined 
transition direction for first signal 

signal name to which interval is defined 
transition direction for second signal 


[Le 


The transition definitions used in this data sheet are: 


H =transition to high 

L=transition to low 

V =transition to valid 

X= transition to invalid or don’t care 
Z=transition to off (high impedance) 


HIGH-Z 





TIMING LIMITS 


The table of timing values shows either a minimum or a 
maximum limit for each parameter. Input requirements are 
specified from the external system point of view. Thus, address 
setup time is shown as a minimum since the system must 
supply at least that much time (even though most devices do 
not require it). On the other hand, responses from the memory 
are specified from the device point of view. Thus, the access 
time is shown as a maximum since the device never provides 
data later than that time. 
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MCM6270 


ORDERING INFORMATION 
(Order by Full Part Number) 


| MCM 6270 X XX XX 
Motorola Memory Prefix ————__ | | ~L-_____ Shipping Method (R2= Tape & Reel, Blank = Rails) 
Part Number 7 Speed (20=20 ns, 25=25 ns, 35 = 35 ns) 
Package (P= Plastic DIP, J = Plastic SOJ) 


Full Part Numbers— MCM6270P20 MCM6270P25 MCM6270P35 
MCM6270520 MCM6270J25 MCM6270J35 
MCM6270J20R2 MCM6270J25R2 MCM6270J35R2 
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MOTOROLA 


a SEMICONDUCTOR 
TECHNICAL DATA 





MCM6287 


64K x 1 Bit Static Random Access 


ieee =P PACKAGE 
Memory Re eee ee etn PLASTIC 
a CASE 736A 
The MCM6287 is a 65,536 bit static random access memory organized as 65,536 words 
of 1 bit, fabricated using Motorola’s high-performance silicon-gate CMOS technology. J PACKAGE 
Static design eliminates the need for external clocks or timing strobes, while CMOS circui- 300 MIL SOJ 


try reduces power consumption for greater reliability. CASE 810A 


The chip enable (E) pin is not a clock. In less than a cycle time after E goes high, the 
part enters a low-power standby mode, remaining in that state until E goes low again. bane. 
This device also incorporates internal power down circuitry that will reduce active current PIN ASSIGNMENT 
for less than 100% duty cycle applications. These features provide reduced system power DUAL-IN-LINE 
requirements without degrading access time performance. 

The MCM6297 is available in a 300 mil, 22 lead plastic DIP and a 24 lead, 300 mil, sur- 
face-mount SOJ package. Both feature JEDEC standard pinout. 


Single 5 V + 10% Power Supply 

Fast Access Time: 25/35 ns 

Equal Address and Chip Enable Access Time 

Low Power Operation: 120/110 mA Maximum, Active AC 
High Board Density SOJ Available 

Three State Data Output 

Fully TTL Compatible 










BLOCK DIAGRAM 


(lsB) AI——| > 
i= 
M2——] >— 
ROW 
A13-———| >——_ De copER 
A14—— >——_ 
M5—— >— 
(MSB) AO Panes 


MEMORY MATRIX 
128 ROWS x 


512 COLUMNS 









»p—+> COLUMN 1/0 a 
| 
; I NNNANANANNRK 





(MSB) 





A3 A2 A110 AQ A& AB A7 AB AS (LSB) 






ee ee er Address Input 
Wireeees bwargee S88 Write Enable 
Bik ita gS a el ow aed oe eee Chip Enable 
in aS Seeks tae ete tar Data Input 
DP ssin as, eee ae i as Giek wee Data Output 
Saisie sap abcess ae Power (+5 V) 


Gayla YR ee ee He No Connection 
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TRUTH TABLE 


[= | W | Mode | VccCurrent | Output | Cycle _| 
H X Not Selected ISB1, iSB2 
a H Read 
L L Write 


ICCA 
ABSOLUTE MAXIMUM RATINGS (See Note) 


ICCA 
Rating Symbol | Value | Unit 
Power Supply Voltage —0.5 to +7.0 
V 


Pin Except Vcc 

Output Current (per 1/0) 

Power Dissipation (Ta = 25°C) | pp | 10 | wi 

Temperature Under Bias 
Ceramic - 65 to + 150 


NOTE: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are 
exceeded. Functional operation should be restricted to RECOMMENDED 
OPERATING CONDITIQNS. Exposure to higher than recommended voltages for 
extended periods of time could affect device reliability. 


This device contains circuitry to protect the | 
inputs against damage due to high static 
voltages or electric fields; however, it is ad- 
vised that normal precautions be taken to 
avoid application of any voltage higher than 
maximum rated voltages to this high- 
impedance circuit. 



















Read Cycle 
Write Cycle 


















































DC OPERATING CONDITIONS AND CHARACTERISTICS 
(Vcc = 5.0 V +10%, Ta = 0 to 70°C, Unless Otherwise Noted) 





RECOMMENDED OPERATING CONDITIONS 


Supply Voltage (Operating Voltage Range) 


Input High Voltage | 20 
Input Low Voltage | -0.5* | 





*¥Vi_ (min) = —0.5 V de; Vi_ (min) = —3.0 V ac (pulse width < 20 ns) 


DC CHARACTERISTICS 


Input Leakage Current (All Inputs, Vj, =0 to Vcc) kg _| 
Output Leakage Current (E=ViH, Vout =9 to Vcc) | tikgioy _| 


AC Supply Current (lou¢=0 mA) MCM6287-25: tayvay = 25 ns 
MCM6287-35: tayay = 35 ns 


TTL Standby Current (E=Vin, No Restrictions on Other Inputs) | isa1 | 
CMOS Standby Current (E=Vcc — 0.2 V, No Restrictions on Other Inputs) | Isp2 | 


Output Low Voltage (Io, =8.0 mA) Vo 


L 
Output High Voltage (Io44= — 4.0 mA) 


CAPACITANCE (f= 1.0 MHz, dV=3.0 V, Ta =25°C, Periodically Sampled Rather Than 100% Tested) 


a 
4 6 pF 


Input Capacitance All Inputs Except E Cin 


E 5 7 
[Output Capacitance oe | 









H 
ob 
° 
% 
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AC OPERATING CONDITIONS AND CHARACTERISTICS 
(Vcc = 5V +10%, TA=0 to +70°C, Unless Otherwise Noted) 


Input Timing Measurement Reference Level .......... 1.5V Output Timing Measurement Reference Level ......... 15V 
Input Pulse Levels .............2.00 0002008 0 to 3.0 V Output Load............ Figure 1A Unless Otherwise Noted 
Input Rise/Fall Time... ......... 000 eee eee ee 5 ns 


READ CYCLE (See Note 1) 


Parameter 


Read Cycle Time 
Address Access Time 
| tacs | 

tOH 

uz 

tHZ 

tpu 


Enable Access Time tacs 

Output Hold from Address Change | taxox | ton | 
Enable Low to Output Active | tecox | tz | 
Enable High to Output High-Z | tenoz | tHz si 
Power Up Time | teuiccH | teu 
Power Down Time | tenicch | teo _| 


NOTES: 

. Wis high for read cycle. 

. All read cycle timing is referenced from the last valid address to the first transitioning address. 

. Addresses valid prior to or coincident with E going low. 

. At any given voltage and temperature, teHQz max, is less than te_Qx min, both for a given device and from device to device. 
. Transition is measured +500 mV from steady-state voltage with load of Figure 1B. 

. This parameter is sampled and not 100% tested. 

. Device is continuously selected (E= Vj, ). 








NO OP WNHD = 


READ CYCLE 1 (See Note 7 Above) 





TAVAV 
A (ADDRESS) 
taxax 
soa XXX 
tavav 
READ CYCLE 2 (See Note 3 Above) 
—__—_—H — —————_ tavay 
A (ADDRESS) 





— 


E (CHIP ENABLE} . 
Se ce oe 
sansan XXX esate |) 


taVOV 





tELICCH 





Vcc tc ——-—— 
SUPPLY 
CURRENT sp 
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WRITE CYCLE 1 (W Controlled, See Note 1) 


Parameter 


| 


NOTES: 
1. A write occurs during the overlap of E low and W low. 
2. All write cycle timing is referenced from the last valid address to the first transitioning address. 
3. Transition is measured +500 mV from steady-state voltage with load in Figure 1B. 
4. Parameter is sampled and not 100% tested. . 





tAVAV 






tWHAX 
E (CHIP ENABLE) 
W (WRITE ENABLE) 
‘a ina tWHDX | | 
vomm XXXKKXKKKKXK | AXXXXXK 
7 twiaz 


Q (DATA OUT) — O06 ie COC | 


tWHOXx 


AC TEST LOADS 
TIMING LIMITS 


+5V +5V The table of timing values shows either 
a minimum or a maximum limit for each 
480 480 parameter. Input requirements are specified 


from the external system point of view. 
Thus, address setup time is shown as a 
minimum since the system must supply at 
255 30 pF 255 5 oF least that much time (even though most 
(INCLUDING (INCLUDING devices do not require it). On the other 
SCOPE AND JIG) a SCOPE AND gig; and, responses from the memory are 
specified from the device point of view. 
= = Thus, the access time is shown as a 
maximum since the device never provides 

Figure 1A Figure 1B data later than that time. 
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WRITE CYCLE 2 (E Controlled, See Note 1) 


aa ST atm, 
| Standard | Alternate | Min _ 

Address Setup Time | stave. | tas | 0 | 

Address Valid to End of Write 

Enable to End of Write 

Enable to End of Write | tewH | tow | 2 | — | 2 | - | ns | 

Write Pulse Width | twieH | we [| 2 | — | 2 | - [os | | 

Data Valid to End of Write tDVEH tpw a aa 15 — ns 


Write Recovery Time | tewax | we | 9 | - | o | ~ [ns | 


NOTES: 
1. A write occurs during the overlap of E low and W low. 
2. All write cycle timing is referenced from the last valid address to the first transitioning address. 
3. If E goes low coincident with or after W goes low, the output will remain in a high impedance condition. 
4. If E goes high coincident with or before W goes high, the output will remain in a high impedance condition. 


TAVAV 


E (CHIP ENABLE) 





—_—-———- ind 
<< t VEL hae 'EHAX 


W (WRITE ENABLE} 





tWLEH —-_——-_—__—> + 


tDVEH Lt tEHDX 
eowta ws KKK AKA _ verano K KKK 


HIGH-Z 
Q (DATA OUT) 
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TYPICAL CHARACTERISTICS 





a = 1.2 
N 1.20 NI 
= = 
1.0 

= 1.00 = CYCLE RATE = 100% 
= = 
~ = 0.8 
= 0.80 P 
[4 [4 
3 3 0.6 
> 0.60 >= 
& = 
. 0.40 2 0.4 
= = 

= 
= 0.20 < 02 
Pa Pa) 
= © 

0 ~ 0 eared 
20 40 60 80 100 120 140 160 0 1 2 3 4 5 
tavay, CYCLE TIME (ns) Vin CHIP ENABLE INPUT VOLTAGE (VOLTS) 
Figure 2. Relative Power versus Cycle Time Figure 3. Active Supply Current versus Chip Enable 


Input Voltage 


1.40 


ad 





— CYCLE RATE = 100% 


1.20 


ah 8 ot 
R&B pS HH 


ult 


1.00 





Icca, ACTIVE SUPPLY CURRENT (NORMALIZED) 
lIeca, ACTIVE SUPPLY CURRENT (NORMALIZED) 





1.0 
0.80 
0.9 
0.60 0.8 
0.7 
0.40 0.6 
-40  -—20 0 20 40 60 80 100 120 40 42 44 46 48 50 52 54 56 58 6.0 
Ta, AMBIENT TEMPERATURE (°C) . Vcc, SUPPLY VOLTAGE (VOLTS) 
Figure 4. Active Supply Current versus Temperature Figure 5. Active Supply Current versus Supply Voltage 
a 41.4 
a = 22 
= N 
S = 1.8 
od = 
S 1.2 = 1.6 
& cm 1.4 
(=) [- 4 
= 1.1 23 1.2 
a = 
z & 1.0 
= 1.0 =" 
- 
= ” 0.8 
ie — 
m 09 aa 0.6 
x) Bg 0.4 
0.8 0.2 
-40 —20 0 20 40 60 80 100 120 40 42 44 46 48 50 52 54 56 58 6.0 
Ta, AMBIENT TEMPERATURE (°C) Vcc, SUPPLY VOLTAGE (VOLTS) 
Figure 6. Standby Supply Current versus Temperature Figure 7. Standby Supply Current versus Supply 


Voltage 
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TYPICAL CHARACTERISTICS (Continued) 


1.60 16 
1.50 15 
1.40 14 
1.30 13 
1.20 12 
1.10 1 
1.00 S10 
0.90 0.9 
0.80 * 0.8 
ao 
0.70 0.7 
0.60 0.6 


tavay. teLay. ACCESS TIME (NORMALIZED) 
AVOV. tevay. ACUESS TIME (NORMALIZED) 


t 








-40  -—20 0 20 40 60 80 100 =120 4.0 4.5 5.0 5.5 6.0 6.5 
T,, AMBIENT TEMPERATURE (°C) Vcc, SUPPLY VOLTAGE (VOLTS) 
Figure 8. Address and Enable Access Times versus Figure 9. Address and Enable Access Times versus 
Temperature Supply Voltage 
wes oa 
15 1.3 
= = 
= 1.4 = 
S S 12 
= 1.3 = 
: = 
= 12 = 1.1 
Sit 5 
z 210 
© 1.0 ° 
= 09 2 09 
= = 
=< 0.8 = 
= 07 oe 
= = 
= 0.8 = 07 
- -40 -20 0 20 40 60 80 100 120 -— 40 42 44 #46 48 50 52 54 #56 58 6. 
Ta, AMBIENT TEMPERATURE (°C) Vcc, SUPPLY VOLTAGE (VOLTS) 
Figure 10. Data Setup Time versus Temperature Figure 11. Data Setup Time versus Supply Voltage 
120 
= 100 
> > 
oc ce 80 
ce Fa 
ao 
= % 60 
2° <= 
e 
= > 
z E 40 
em] i=} 
= . 
c=) > 20 
0 
Vout. OUTPUT VOLTAGE (VOLTS) Vout, SUTPUT VOLTAGE (VOLTS) 
Figure 12. Output Sink Current versus Output Voltage Figure 13. Output Source Current versus Output 
Voltage 





MOTOROLA MEMORY DATA 


7-95 


MCM6287 


ORDERING INFORMATION 
(Order by Full Part Number) 


MCM 6287 X XX 


XX 
Motorola Memory Prefix eeereetee (i [a Shipping Method (R2= Tape & Reel, 


Blank = Rails) 
Part Number 
Speed (25=25 ns, 35=35 ns) 


Package (P=Plastic DIP, J = Plastic SOJ) 
Full Part Numbers— MCM6287P25 MCM6287P35 


MCM6287J25 MCM6287J35 
MCM6287J25R2 MCM6287J35R2 
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MOTOROLA 
a SEMICONDUCTOR 
TECHNICAL DATA 





MCM6287-12, -15, -20 
See QuickRAM, Page 7-122 


64K x 1 Bit Fast Static RAM MCM6287C-8, -10 


See QuickRAM Il, Page 7-142 


P PACKAGE 
300 MIL PLASTIC 


Al CASE 736A 


A3 
A4 








J PACKAGE 
300 MIL SOJ 
CASE 810A 






MEMORY MATRIX 
256 ROWS x 
256 x 1 COLUMNS 


AS 





ROW 
DECODER 





A6 






A13 
A14 
A15 






COLUMN I/O 
COLUMN DECODER 


AQ A2 A? A8 AQ AIO Atl Al2 







mil 





=| 


Address Input Data Output 


Chip Enable +5 V Power Supply 


Write Enable 
Data Input No Connection 





MCM6287 TRUTH TABLE (X = don't care) 


Pe [ [we vectiner [ aor [eee 






















Not Selected Ispi1, IsB2 
‘ : Read ICCA Read ¢ Cycle 
L L Write ICCA Write Cycle 
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m= SEMICONDUCTOR 





MOTOROLA 
TECHNICAL DATA 


16K x 4 Bit Static RAMs 


The MCM6288 and MCM6290 are 65,536 bit static random access memories organized 
as 16,384 words of 4 bits, fabricated using Motorola’s high-performance silicon-gate CMOS 
technology. Static design eliminates the need for external clocks or timing strobes, while 
CMOS circuitry reduces power consumption for greater reliability. 

The chip enable (E) pin is not a clock. In less than a cycle time after E goes high, the 
part enters a low-power standby mode, remaining in that state until E goes low again. 
These devices also incorporate internal power down circuitry that will reduce active current 
for less than 100% duty cycle applications. These features reduce system power require- 
ments without degrading access time performance. 

The MCM6290 has both chip enable (E) and output enable (G) inputs, allowing greater 
system flexibility. Either input, when high, will force the outputs to high impedance. 

@ Single 5 V + 10% Power Supply 


@ Fast Access Time (Maximum): MCMé6E290 
(xx = 88 or 90) Address Chip Enable Output Enable 
MCM62xx-20 20 ns 20 ns 10 ns 
MCM62xx-25 2 ns 25 ns 12 ns 
MCM62xx-30 30 ns 30 ns 15 ns 
MCM62xx-35 35 ns 35 ns 15 ns 


@ Equal Address and Chip Enable Access Time 

@ Output Enable (G) Feature for Increased System Flexibility and to Eliminate Bus 
Contention Problems (MCM6290) 

@ Low Power Operation: 120-110 mA Maximum, Active AC 

@ Fully TTL Compatible—Three-State Data Output 


BLOCK DIAGRAM 










AO - >—— 
Al oe | ~+— Vee 
‘a sas ~<— Vss 

O— row | MEMORY MATRIX 
AiO LOI peconer 128 ROWS x 
All Per 512 COLUMNS 
Al2 Daan 
A13 Pana 

ee ee eae 
pao i> ——— COLUMN 1/0 
pat , ioe ___ COLUMN DECODER 
OU OU 

pa2 
pa3 


Address Input Chip Enable 
. Data input/Output No Connection 
. +5 V Power Supply 
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MCM6288 


MCM6290 


P PACKAGE 
PLASTIC 


P PACKAGE 
300 MIL PLASTIC 
CASE 724 


J PACKAGE 
300 MIL SOJ 
CASE 810A 


MCM6268 





MCM6288e MCM6290 


MCM6288 TRUTH TABLE 


| E | W | Mode | Vcc Current | Output _| 
x 


H Not Selected 
L H 
L L 


This device contains circuitry to protect the 
inputs against damage due to high static 
voltages or electric fields; however, it is ad- 
vised that normal precautions be taken to 
avoid application of any voltage higher than 
maximum rated voltages to this high- 
impedance circuit. 









Read Cycle 
Write Cycle 
















Read 
Write 


Not Selected 


Read 
Read | Read Cycle | 
Write i Write Cycle 





ABSOLUTE MAXIMUM RATINGS (See Note) 












Rating | Symbol | Value | Unit_ 
Power Supply Voltage —0.5 to +7.0 


Voltage Relative to Vss for Any Vin, Vout | —9.5 to Vcc +0.5}] V 
Pin Except Vcc 


Output Current (per 1/0) | lout | 20s oma 
Power Dissipation (Tq =25°C) | Pp 6[| ltd 
Temperature Under Bias 
Operating Temperature 
Storage Temperature 


NOTE: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are 
exceeded. Functional operation should be restricted to RECOMMENDED 
OPERATING CONDITIONS. Exposure to higher than recommended voltages for 
extended periods of time could affect device reliability. 


DC OPERATING CONDITIONS AND CHARACTERISTICS 
(Vcc = 5.0V +10%, Ta = 0 to 70°C, Unless Otherwise Noted) 


RECOMMENDED OPERATING CONDITIONS 





=/> 









Parameter 


Supply Voltage (Operating Voltage Range) 


Input High Voltage 
Input Low Voltage 
*Vi_ (min) = —0.5 V de; Vi_ (min) = —3.0 V ac (pulse width < 20 ns) 





DC CHARACTERISTICS 







a 
input Leakage Curent (Al inputs, Vig=01 Veg) Sng | to 
outout Leskaga Curent (E=Vin Vows=0t0Voch __——SSS*d iy | at 


AC Supply Current (Ioyt=0 mA) taVvAv:=20 ns ICCA pee ID 2) mA 


tAVAV = 25 ns 

tavav =30 ns a a 

tavav = 35 ns ee a 

Trt Standby Current (E=Vyy, No Restictions on Otherinputs) «dg | «| Sm 

| CMOS Standby Current (E=Vcc-0.2 V, No Restrictions on Other Inputs) | tspz_ | | 18m 

| Output Low Voltage (lou=80ma) Te | 
f ov 


Output High Voltage (Igy = —4.0 mA) | Von | 24 | - | 
CAPACITANCE (f=1.0 MHz, dV=3.0 V, Ta =25°C, Periodically Sampled Rather Than 100% Tested) 
Typ | Max {Unit | 


Characteristic Symbol | Typ | 






































Input Capacitance All Inputs Except E 
E 


6 
7 
c/o 
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AC OPERATING CONDITIONS AND CHARACTERISTICS 
(Vcc =5 V +10%, TA=0 to +70°C, Unless Otherwise Noted) 


Input Timing Measurement Reference Level .......... 1.5V Output Timing Measurement Reference Level ......... 1.5V 
Input Pulse Levels ..............00. Las Bs 0 to 3.0 V Output Load. .... clad tore Sitges Figure 1A Unless Otherwise Noted 
Input Rise/Fall Time... ......... 2.00008 eee ...5ns 


READ CYCLE (See Note 1) | 


ae | mecmezss-20 | mcmezss-25 | MCM6288-30 | MCM6288-35 
Parameter i MCM6290-20 | MCM6290-25 | MCM6290-30 | MCM6290-35 Notes 


| Min 
[Read Cycle Time | tavav | tac | 20 
[Address Access Time | tavav | tan | — | 
[Enable Access Time | tevav | tacs | — | 
[output Hold from Address Change | taxox | ton | 8 
JOutput Enable Access Time MCM6290|_tcLav | tae | — | 
Output Enable Low to MCM6230| tcLax ees 
| 5 | 
| 0 | 
| 0 | 
a 



















g 


Output Active 


Output Enable High to _ MCM6290| tcHaz zt 
Output High-Z 

ae 
Femoenne nee eo | 


NOTES: 1. W is high for read cycle. 
2. All read cycle timing is referenced from the last valid address to the first transitioning address. 
3. Addresses valid prior to or coincident with E going low. 
4. At any given voltage and temperature, te144Qz Max is less than te_Qx min, and tgHQz max is less than tg_Qx min, both for a 
given device and from device to device. 
5. Transition is measured +500 mV from steady-state voltage with load of Figure 1B. 
6. This parameter is sampled and not 100% tested. 
7. Device is continuously selected (E= Vj.) and G= Vj, (MCM6290 only). 








READ CYCLE 1 (See Note 7 Above) 













tAVAV 
A (ADDRESS) 
Q (DATA OUT) PREVIOUS DATA VALID DATA VALID 
[eg tavav 
READ CYCLE 2 (See Note 3 Above) 
tAVAV 
A (ADDRESS) 
tELOV 


E (CHIP ENABLE) 


teHOZ 
« ‘GHOZ 
G (OUTPUT ENABLE) 
(MCM6290 ONLY) ; 


. teLav | 

ebuild 4 ) XXX __ amu) 
tavay : 

‘ELICCH | tEHICCL 





ME cry ae Soe ec seat ae Gs set 
Vec CC 


SUPPLY CURRENT 
IsB 
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WRITE CYCLE 1 (W Controlled, See Notes 1 and 6) 


Symbol 
Parameter 
Alternate 


Write Cycle Time tAVAV 
Address Setup Time 


wacx| tow | 6 ]- [6 {-]s | — 
write Recovery Time _——Ssd wax wr | o [-fol-[o{-[o|[-[m~| | 


NOTES: 1. A write occurs during the overlap of E low and W low. 

. All write cycle timing is referenced from the last valid address to the first transitioning address. 

. Transition is measured +500 mV from steady-state voltage with load in Figure 1B. 

. Parameter is sampled and not 100% tested. 

At any given voltage and temperature, tyy_Qz max is less than tywHQx min both for a given device and from device to device. 
. MCM6290, if G goes low coincident with or after W goes low, the output will remain in a high impedance state. 





Oo hwnd 


TAVAV 


'WHAX 
E (CHIP ENABLE) 
W (WRITE ENABLE) | 
vom KRXKKXKKXKRK een | XXXXKXX 
twLaz 
Q (DATA OUT) — OX XX) Pees XXX 
twHOX 


AC TEST LOADS 


+5V +5V 
480 480 
Qa Q 
255 30 pF 255 5 pF 
(INCLUDING (INCLUDING 
SCOPE AND JIG) SCOPE AND JIG) 


Figure 1A Figure 1B 
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MCM6288e MCM6290 


WRITE CYCLE 2 (E Controlled, See Notes 1 and 5) 


. | MCM6288-20 | MCM6288-25 | MCM6288-30 
Parameter MCM6290-20 | MCM6290-25 | MCM6290-30 | MCM6290-35 
[mtn | ax | Min ax | 


[Min 
[wine GyieTime ———SSSS—*d stv | two | 20 
[address Soup Time —S*dstaven | tas | 0 
[Address Vaid to End of wite | taven | taw | 18 | 
[Enable to End of ite ———S—*d tun | tcw | 18 | 
[Enable w End of ite ‘| te | cw | 18 | 
m5 | 
T10| 
ars 
Es 














= 


Write Pulse Width SS en | ewe 
[Deta Hold Time id tex | tn 
a 


NOTES: 1. A write occurs during the overlap of E low and W low. 

. All write cycle timing is referenced from the last valid address to the first transitioning address. 

. If E goes low coincident with or after W goes low, the output will remain in a high impedance condition. 

. If E goes high coincident with or before W goes high, the output will remain in a high impedance condition. 

. MCM6290, if G goes low coincident with or after W goes low, the output will remain in a high impedance state. 


g 





oh W Nb 


tAVAV 


E (CHIP ENABLE) 











t 
AVEL TELEH a 
tELWH 
Ww ———— 
W (WRITE ENABLE) 'WLEH | 
tDVEH tEHDX 
van XXXXXXXXKXXXXXAXXAAY XXXXX 
IN\LAZLNIAZNANLNANZNI NAA NLNLNZNLNINZNINLNES (IN\LV\LALNZN 
HIGH-Z 
Q (DATA OUT) 
TIMING PARAMETER ABBREVIATIONS TIMING LIMITS 

tXXXKXK The table of timing values shows either a minimum or a 
: f hich i | is defined | maximum limit for each parameter. Input requirements are 
signal name rom " Ne seid Pa me specified from the external system point of view. Thus, address 
fanah Terieon direction ge vale? setup time is shown as a minimum since the system must 
signa nae a which pitts S d one supply at least that much time (even though most devices do 
staleeition: Cirecton-toseceud signa not require it). On the other hand, responses from the memory 
The transition definitions used in this data sheet are: are specified from the device point of view. Thus, the access 
H = transition to high time is shown as a maximum since the device never provides 

L=transition to low data later than that time. 


V = transition to valid 
X= transition to invalid or don’t care 
Z= transition to off (high impedance) 
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MCM6288e MCM6290 


Motorola Memory Prefix 
Part Number 


ORDERING INFORMATION 
(Order by Full Part Number) 


MCM 62XX X XX 


| eas 


Full Part Numbers — MCM6288P20 


MCM6288P25 
MCM6288P30 
MCM6288P35 


MCM6290P20 
MCM6290P25 
MCM6290P30 
MCM6290P35 


XX 


Shipping Method (R2= Tape and Reel, Blank = Rails) 
Speed (25=25 ns, 30=30 ns, 35=35 ns, 45= 45 ns) 


Package (P=Plastic DIP, J =Plastic SOJ) 


MCM6290J20 
MCM6290J25 
MCM6290J30 
MCM6290J35 
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MCM6290J20R2 
MCM6290J25R2 
MCM6290J30R2 
MCM6290J35R2 








MOTOROLA 
aa SEMICONDUCTOR ER SANA 
TECHNICAL DATA 


MCM6288-12, -15 
MCM6290-12, -15 


16K x 4 Bit Fast Static RAMs mee Quiet, Page 7-122), 


MCM6288C-8, -10 


| MCM6290C-8, -10 
See QuickRAM Il, Page 7-142 


Prom 
Pan 
Po 


Pr ROW 
>—j DECODER 


P PACKAGE 
PLASTIC 
CASE 736A 


MEMORY MATRIX 
256 ROWS x 


64 x 4 COLUMNS P PACKAGE 


300 MIL PLASTIC 
CASE 724A 


J PACKAGE 
300 MIL SOJ 
CASE 810A 


wW 
McMe290 G 
ONLY 


Address Input Chip Enable 

Data Input/Output No Connection 

Write Enable +5 V Power Supply 
Output Enable 





AEE we TABLE ae don’t care) 


Vcc Current | Cycle 


at Selected Isp1, IsB2 cs -Z 
Read ICCA Dout Read C Cycle 
Write ICCA High-Z Write Cycle 


MCM6290 TRUTH TABLE (X = don’t care) 


Ae ee ee ee 


Not Selected IsB1, IsBe 





Output Disabled ICCA — 
Read ICCA Read Cycle 
Write ICCA igh- Write Cycle 








MOTOROLA MEMORY DATA 
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MOTOROLA 


= SEMICONDUCTOR xo 
TECHNICAL DATA 


Product Preview MCM6706 


32K x 8 Bit Static Random 
Access Memory 


The MCM6706 is a 262,144 bit static random access memory organized as 32,768 a ven ae | 
words of 8 bits, fabricated using high performance silicon-gate BICMOS technology. a | P PACKAGE 
Static design eliminates the need for external clocks or timing strobes. 300 MIL PLASTIC 

Output enable (G) is a special control feature that provides increased system flexibility CASE 710B 
and eliminates bus contention problems. 

The MCM6706 is available in a 300 mil, 28 lead surface-mount SOJ package and a 


300 mil, 28 pin plastic dual-in-line package. 


e Single 5.0 V +10% Power Supply 

e Fully Static — No Clock or Timing Strobes Necessary 

e All Inputs and Outputs are TTL Compatible = 1 areas 
e Three State Outputs CASE 810B 
e Fast Access Times: MCM6706 — 10 ns 


MCM6706 — 12 ns 
MCM6706 — 15 ns 


PIN ASSIGNMENT 





BLOCK DIAGRAM 










qo 
qa 
qa 
MEMORY MATRIX 
O—j ROW 
(256 ROWS X 
op DECODER 128x8 COLUMNS) 


> 


> > FP FP PP PP PSP YP 


DQO 


Address Inputs 
Write Enable 
Chip Select 


ral Output Enable 
$ [> ld) Data Input/Output 
— i +5.0 V Power Supply 
W Ground 
W ieee a oe ee 

G 0 eq 





This document contains information on a product under development. Motorola reserves the right to change or discontinue this product without notice. 
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MCME6706 


TRUTH TABLE 


| Mode V/O Pin This device contains circuitry to protect . 
the inputs against damage due to high 


Not Selected 


static voltages or electric fields; however, 
Read ca it is advised that normal precautions be 
Read Read Cycle taken to avoid application of any voltage 
Write Write Cycle higher than maximum rated voltages to 
this high impedance circuit. 





ABSOLUTE MAXIMUM RATINGS (See Note) 


[ating | Symbot_ 
Power Supply Voltage 
TA 






This BICMOS memory circuit has been 
designed to meet the dc and ac specifi- 
cations shown in the tables, after thermal 
equilibrium has been established. The 
circuit is in a test socket or mounted on 
a printed circuit board and transverse air 
flow of at least 500 linear feet per minute 
is maintained. 






[vane [oni 


Pin Except Vcc 
a 
a 
[Srmaraiempente ta ome |e 


NOTE: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are ex- 
ceeded. Functional operation should be restricted to RECOMMENDED OPERAT- 
ING CONDITIONS. Exposure to higher than recommended voltages for extended 
periods of time could affect device reliability. 





DC OPERATING CONDITIONS AND CHARACTERISTICS 
(VCC = 5.0 V 10%, Ta = 0 to 70°C, Unless Otherwise Noted) 


RECOMMENDED OPERATING CONDITIONS 


Supply Voltage (Operating Voltage Range) 


Input High Voltage 
Input Low Voltage 


*ViH (max) = Voc + 0.3 V de; Viz (max) = Voc + 2.0 V ac (pulse width < 2.0 ns) for |< 20 mA. 
“Vit (min) = —0.5 V dc; Vi, (min) = —2.0 V ac (pulse width < 2.0 ns) for | < 20 mA. 





DC CHARACTERISTICS 












Input Leakage Current (All Inputs, Vin = 0 to Voc) Nkg(I) 


Output Leakage Current (S = Vi, Vout = 0 to Vcc) | Ikg(o) | 


AC Supply Current (lout = 0 mA) MCM6706 —10: tayay = 10 ns 
MCM6706 —12: tavay = 12 ns 
MCM6706 —15: tayvay = 15 ns 


Output Low Voltage (lo, = 8.0 mA) : 
Output High Voltage (IoH = —4.0 mA) 
















VOL 
[Characters | Sembl=—|T 
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MCM6706 


AC OPERATING CONDITIONS AND CHARACTERISTICS 
(VCC = 5.0 V +10%, Ta = 0 to 70°C, Unless Otherwise Noted) 


Input Timing Measurement Reference Level .............. 1.5V Output Timing Measurement Reference Level ............ 1.5V 
Input Pulse LOVEIS 24:2 cop uae vce Rete ede ek ks 0 to 3.0 V OuUpUt Load! 25. oSc.ccw seed ne ae eee ees See Figure 1 
INpUURISO/FallTIM@ s e:iiec5 Geet pinta tate chee BES 2.0 ns 


READ CYCLE (See Notes 1 and 2) 









oe ae 
<— 


Read Cycle Time tAVAV t 

Address Access Time tavaV 15 ee 
t 
t 









, feces Jere | 
[onip SaeciAccesstine | tov | wos | — | 8 _| 
Output Enable Access time tGLQV | toe | — | 5 | 
[Ouput Hold tom Assess Change | taxox | on | * | — | 
, tees al 
, oe 
ae eee 
ee 


Output Enable Low to Output Active tGLax age | 1 
Output Enable High to Output High-Z | tGHaqz | tz | 


NOTES: 
1. Wis high for read cycle. 
2. Product sensitivities to noise require proper grounding and decoupling of power supplies as well as minimization or elimination of bus contention 
conditions during read and write cycles. 
3. All read cycle timing is referenced from the last valid address to the first transitioning address. 
4. At any given voltage and temperature, tsHqz max < ts_Qx min, and tgHQz Max < tgHQx Min, both for a given device and from device to 
device. 


Transition is measured 100 mV from steady-state voltage with load of Figure 1. 
This parameter is sampled and not 100% tested. 

Device is continuously selected (S = Vj,, G = VjL). 

Addresses valid prior to or coincident with S going low. 


RC 
AA 
OE 
OH 
tLz 
: tHZ 








SON O2.. OF 


READ CYCLE 1 (See Note 7 Above) 








TAVAV 
Po = AXOX 
canon | mevosonnmie XXXXXXKXXAKAXK ova 
SS ee SOY 
READ CYCLE 2 (See Note 8 Above) 
tAVAV 
A (ADDRESS) 


ISLQV 
S (CHIP SELECT) 
oy "= 
G (OUTPUT ENABLE) 
\—__ 
| = 
o(maoun XXXOK oman) 
tAVAV 
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MCM6706 


WRITE CYCLE 1 (W Controlled, See Notes 1 and 2) 


MCM6706-12 
Parameter Standard | Alternate 


[wie ycetime +d way | wo | 10 | 
PaasessSeuptime + tam | as |? | 






















twc 
taS 
[Adress aldto end ofwite | tavw | _taw | 9 _ 
renee es Tw 
tWLSH 
| tow 


Write High to Output Active tWHQX 
Write Recovery Time tWHAX t 


NOTES: 
1. A write occurs during the overlap of S low and W low. 
2. Productsensitivities to noise require proper grounding and decoupling of power supplies as well as minimization or elimination of bus contention 
conditions during read and write cycles. 
3. All write cycle timings are referenced from the last valid address to the first transitioning address. 
4. Transition is measured 100 mV from steady-state voltage with load of Figure 1. 
5. Parameter is sampled and not 100% tested. 
6. At any given voltage and temperature, twLQz max is < twHQx Min both for a given device and from device to device. 





tAVAV 


S (CHIP SELECT) | 
W (WRITE ENABLE) 


'WHAX 


tAVWL 
sae tWHDX 
ovomany X XK KX as KKK 
WLQZ 
Q (DATA OUT) ne Oo r Cece 


'WHOX 
TIMING LIMITS 


The table of timing values shows either a minimum or a 
maximum limit for each parameter. Input requirements are 
specified from the external system point of view. Thus, address 
setup time is shown as a minimum since the system must 
supply at least that much time (even though most devices do 
not require it). On the other hand, responses from the memory 
are specified from the device point of view. Thus, the access 
time is shown as a maximum since the device never provides 
data later than that time. 


OUTPUT 
Ry = 50 Q 





VL=1.5V 


Figure 1. AC Test Load 
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MCM6706 


WRITE CYCLE 2 (S Controlled, See Notes 1 and 2) 


Write Cycle Time tAVAV 
Address Setup Time tAVSL 
Address Valid to End of Write tAVSH taw 


Chip Select to End of Write tSLWH; tCW 
tSLSH 


Data Valid to End of Write tpVSH tow 5 


[DateTime ————*dtswox | ton | 0 
[Wt Recoren Tine | tex | we] 0 


NOTES: 
1. A write occurs during the overlap of S low and W low. 
2. Product sensitivities to noise require proper grounding and decoupling of power supplies as well as minimization or elimination of bus contention 
conditions during read and write cycles. , 
3. All write cycle timing is referenced from the last valid address to the first transitioning address. 
4. If S goes low coincident with or after W goes low, the output will remain in a high impedance condition. 
5. If S goes high coincident with or before W goes high, the output will remain in a high impedance condition. 






















tAVAV 


S (CHIP SELECT) 


<—_——_———_—___—_ tay. 'SLWH ISHAX 
W (WRITE ENABLE) 
'DVSH ISHDX 
poms XK KKK KMRAAKRAR_ternuo KKK IKK 
HIGH-Z 


Q (DATA OUT) 


ORDERING INFORMATION 
(Order by Full Part Number) 


MCM 6706 X XX ~ = XX 


Motorola Memory Prefix a _ Shipping Method (R2 = Tape & Reel, Blank = Rails) 
Part Number Speed (10 = 10 ns, 12 = 12 ns, 15 = 15 ns) 
Package (P = 300 mil Plastic DIP, J = 300 mil SOJ) 


Full Part Number — MCM6706P10 MCM6706J10 MCM6706J10R2 
MCM6706P 12 MCM6706J12 MCM6706J12R2 
MCM6706P15 MCM6706J15 MCM6706J15R2 
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MOTOROLA 


a SEMICONDUCTOR 
TECHNICAL DATA 


MCM6708 





Product Preview MCM6709 


64K x 4 Bit Static RAM — 


The MCM6708 and the MCM6709 are 262,144 bit static random access 
memories organized as 65,536 words of 4 bits, fabricated using high-performance 
silicon-gate BICMOS technology. Static design eliminates the need for external : P PACKAGE J PACKAGE 
300 MIL PLASTIC 300 MIL SOJ 
CASE 724A CASE 810A 










clocks or timing strobes. 

Output enable, (G), a special control feature of the MCM6709, provides 
increased system flexibility and eliminates bus contention problems. 

The MCM6708 is available in a 300 mil, 24 lead plastic surface-mount SOJ 
package and a 300 mil, 24 lead PDIP. The MCM6709 is available in a 300 mil, 28 
lead plastic surface-mount SOJ package and a 300 mil, 28 lead PDIP. 


MCM6709 


; 
7 P PACKAGE J PACKAGE 


1 
300 MIL PLASTIC 300 MIL SOJ 
CASE 710B CASE 810B 





e Single 5 V + 10% Power Supply 
e Fully Static — No Clock or Timing Strobes Necessary 
e All Inputs and Outputs are TTL Compatible 













PIN ASSIGNMENT 
e Three State ues MCM6708 
e Fast Access Times: 
MCM6708 — 10 ns MCM6709 — 10 ns 
MCM6708 — 12 ns MCM6709 — 12 ns 
BLOCK DIAGRAM 
A 
A 
A 
A MEMORY MATRIX 
256 ROWS X 256 X 4 
A COLUMNS 
A 
A 
A 





ae 
NNN ANA 


DQ3 














(MCM6709 ONLY) 





ROAANS. ctx wiriieeees Address Inputs WS Pa tate vecainit ss 8 Write Enable | 
Greats On te Output Enable Speke wee are 1 otaeeene es Chip Select 
DQO0-DQ3 ........ Data Input/Output NGG dow tamed +5 V Power Supply 
VGC toed Sota ated wh lids Ground NO eiide Miettinen he No Connect 






All power supply and ground pins must be connected for proper operation of the device. 


This document contains information on a product under development. Motorola reserves the right to change or discontinue this product without notice. 
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MCM6708e MCM6709 


TRUTH TABLE 










z Wille Read Cycle higher than maximum rated voltages 


X = Don't Care to this high impedence circuit. 


This device contains circuitry to 
protect the inputs against damage 
due to high static voltages or electric 
fields; however, it is advised that 












LS 





ABSOLUTE MAXIMUM RATINGS (See Note) This BICMOS memory circuit has 


been designed to meet the dc and ac 
Power Supply Voltage ~ 0.5 to 7.0 


after thermal equilibrium has been 
established. The circuit is in a test 
Voltage Relative to V Vins Vout -—0.5 to Vac + 0.5 V 









socket or mounted on a printed 
circuit board and transverse air flow 
of at least 500 linear feet per minute 
is maintained. 
Temperature Under Bias -—10to+ 85 
Operating Temperature 0 to + 70 
Storage Temperature — Plastic -—55to+ 125 


NOTE: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are exceeded. 
Functional operation should be restricted to RECOMMENDED OPERATING 
CONDITIONS. Exposure to higher than recommended voltages for extended periods of 
time could affect device reliability. 





DC OPERATING CONDITIONS AND CHARACTERISTICS 
(Vcc = 5.0 V + 10%, Ta = 0 to + 70°C, Unless Otherwise Noted) 


RECOMMENDED OPERATING CONDITIONS 





“Vin (max) = Voc + 0.3 V de; Vip, (max) = Voc + 2 V ac (pulse width < 2 ns) for |< 20 mA. 


“Vit (min) =—0.5 V de; Vip (min) =-—2V ac (pulse width < 2 ns) for |< 20 mA. 


DC CHARACTERISTICS 


Input Leakage Current (All Inputs, Vin = 0 to Vcc) likg(!) | — | +1 | 
Output Leakage Current (S = Vit, Voyt = 0 to Voc) 


AC Supply Current (lout = 0 MA) MCM6708-10/MCM609-10: tayay = 10 ns 
MCM6708-12/MCM609-12: tayay = 12 ns 


cemler 
puttin vetage fou =—40may SSS ae PP 






















ee Se 
[rp Capatarce AirpasEicep'00)———SSSCSC~“~*~“‘*~*~“~*~tSCS Ptr 
noite ee | ee 
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MCM6708e MCM6709 


AC OPERATING CONDITIONS AND CHARACTERISTICS 
(Voc = 5.0 V + 10%, Ta = 0 to + 70°C, Unless Otherwise Noted) 


Input Timing Measurement Reference Level ........ 1.5V Output Timing Measurement Reference Level ....... 1.5V 
Input Pulse Levels .............. ccc cece eee eee 0to3.0V Output Loads c2.huss ase see becca vs sues See Figure 1 
Input Rise/Fall Time ............. ccc cee cee eens 2ns 


READ CYCLE TIMING (See Notes 1 and 2) 


MCM6708-10 MCM6708-12 
MCM6709-10 MCM6709-12 
Parameter et 


A Ce eee 
[Guo enate Accesso —————SSSS~*d tue | to 
[GwoutHoisem aaeress Change ———*taxax | ton 
SeucttowtoOupitacive «due | 
ars 
Te 
ee 

















Output Enable Low to Output Active tGLax 
Select High to Output High-Z tSHQZ 
Output Enable High to Output High-Z tGHQZ 


NOTES: 

1. Wis high for read cycle. 

2. Product sensitivities to noise require proper grounding and decoupling of power supplies as well as minimization or elimination of bus contention 
conditions during read and write cycles. 

3. All read cycle timings are referenced from the last valid address to the first transitioning address. 

4. Atany given voltage and temperature, tsQz Maxis less than ts_Qx min, and tgHqz maxis less than tgHQ x min, both for a given device and 
from device to device. 

5. Transition is measured 100 mV from steady-state voltage with load of Figure 1. 

6. This parameter is sampled and not 100% tested. 





READ CYCLE 1 (See Note) 


TAVAV 


a wooness a: 


taxax 


a(paracun XKXXXXXXK NOK ora va 


tavqy —— > 


NOTE: Device is continuously selected (S = Vy,, G = Vi). 





MOTOROLA MEMORY DATA 


7-112 


MCM6708e MCM6709 


READ CYCLE 2 (See Note) 


TAVAV 


tsLqgy 
S (CHIP SELECT) 


HI SHOZ 
G (OUTPUT ENABLE) a 


t 
"GLOX ca GHQZ 
XXKX? 


tavey ———_>- 


Q (DATA OUT) 


NOTE: Addresses valid prior to or coincident with S going low. 





AC TEST LOADS TIMING LIMITS 


The table of timing values shows either 

a minimum or a maximum limit for each 

Ry = 50Q2 parameter. Input requirements are speci- 

fied from the external system point of view. 

Thus, address setup time is shown as a 

minimum since the system must supply at 

least that much time (even though most 

devices do not require it). On the other 

Vi=15V hand, responses from the memory are 

specified from the module point of view. 

Thus, the access time is shown as a maxi- 

; mum since the module never provides 
Figure 1 data later than that time. 


OUTPUT 
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MCM6708e MCM6709 


WRITE CYCLE 1 (W Controlled, See Notes 1 and 2) 


MCM6708-10 MCM6708-12 

MCM6709-10 MCM6709-12 

Parameter ‘Standard | Alternate | Min | Max | 

Write Cycle Time | 'AVAV | we | to | = 

Address Valid to End of Write tavwwH | taw | 9 | —_| 
Write Pulse Width ~ tWLWH twp | 

'WLSH 
Data Valid to End of Write oii I ad 
Write High to Output Active — twHOQX | tow | 2 | — | 
NOTES: - _ 
1. A write occurs during the overlap of S low and W low. 
2. Productsensitivities to noise require proper grounding and decoupling of power supplies as well as minimization or elimination of bus contention 
conditions during read and write cycles. 


3. All write cycle timing is referenced from the last valid address to the first transitioning address. 
4. Transition is measured 100 mV from steady-state voltage with load of Figure 1. 
5 
6 


10 
2 

5 
2 





. This parameter is sampled and not 100% tested. 
. At any given voltage and temperature, tw_Qz max is less than twHQx Min both for a given device and from device to device. 


WRITE CYCLE 1 
T AVAV 


Awooness eS 


| 'WHAX 
S (CHIP SELECT) 


W (WRITE ENABLE) 
| DYOATAIN, XXX XXXXXKKXAKXXXMA__DATAVaUD | AXKKX 


twLqz tWHOX 
Q (DATA OUT) HIGH-Z (YYY) HIGH-Z +66 
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MCM6708e MCM6709 


WRITE CYCLE 2 (S Controlled, See Notes 1 and 2) 


Leer MCM6708-10 | MCM6708-12 
MCM6709-10 | MCM6709-12 

Write Cycle Time | tavav | two | 

Address Setup Time | tave. | tas | 

Address Valid to End of Write 


| Min 

two 

tas 

oz 

Select to End of Write tSLSH tcw 

Sim | |S 

: 

ton | 9 | 

we | 0 | 






Data Valid to End of Write tDVSH 
Data Hold Time tSHDX Ftp 
Write Recovery Time tSHAX 


NOTES: 
1. Awrite occurs during the overlap of S low and W low. 
2. Product sensitivities to noise require proper grounding and decoupling of power supplies as well as minimization or elimination of bus contention 
conditions during read and write cycles. 
3. All write cycle timing is referenced from the last valid address to the first transitioning address. 
4. If S goes low coincident with or after W goes low, the output will remain in a high impedance condition. 
5. If S goes high coincident with or before W goes high, the output will remain in a high impedance condition. 


WRITE CYCLE 2 


UT AVAV 









S (CHIP SELECT) 
ISHAX 
W (WRITE ENABLE) 
tSHDX 
owoavasy XXXKKKKKKKKRAKXLAM_eaTavAO WXXXXKK 


HIGH-Z 
Q (DATA OUT) : 


ORDERING INFORMATION 
(Order by Full Part Number) 


6708 
MCM 6709 x XX xXx 


Motorola Memory Prefix de a. Shipping Method (R2 = Tape & Reel, Blank = Rails) 
Part Number Speed (10 = 10 ns, 12 = 12 ns) 


Package (NP = Plastic DIP, NJ = Plastic SOJ) 


Full Part Numbers — MCM6708P10 MCM6708J10 MCM6708J10R2 
MCM6708P 12 MCM6708J12 MCM6708J12R2 


MCM6709P10 MCM6709J10 MCM6709J10R2 
MCM6709P12 MCM6709J12 MCM6709J12R2 
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MOTOROLA 


a SEMICONDUCTOR 
TECHNICAL DATA 





Product Preview | | Cusroe 


64K x 4 Bit Static RAM 
with Separate Input/Output 


The MCM67081 and the MCM67082 are 262,144 bit static random-access 
memories organized as 65,536 words of 4 bits, fabricated using high-performance 
silicon-gate BICMOS technology. Static design eliminates the need for external 
clocks or timing strobes, while BICMOS circuitry reduces power consumption and 
provides for greater reliability. P PACKAGE 

Both the MCM67081 and MCM67082 are available in 300 mil, 28 lead eye 
surface-mount SOJ packages and 300 mil, 28 lead plastic DIP. 


e Single 5 V+ 10% Power Supply 
e Fully Static — No Clock or Timing Strobes Necessary 
e All inputs and Outputs are TTL Compatible 
e Separate Data Inputs and Three-State Outputs 
J PACKAGE 


e Fast Access Times: 
MCM67081 — 10, 12, 15 ns . reapers 
MCM67082 — 10, 12, 15 ns 





PIN ASSIGNMENT 


BLOCK DIAGRAM 







MEMORY MATRIX 
256 ROWS X 256 X 4 
COLUMNS 







ROW 
DECODER 





> > Ff PP PF PF PS YS 








COLUMN I/O 
COLUMN DECODER 














Address Inputs | 
Write Enable 
Chip Select 
Data Input 
Data Output 
+ 5 V Power Supply 
Ground 








All power supply and ground pins must be 
connected for proper operation of the device. 


This document contains information on a product under development. Motorola reserves the right to change or discontinue this product without notice. 





MOTOROLA MEMORY DATA 


7-116 


MCM67081° MCM67082 


MCM67081 TRUTH TABLE 


3 Write Cycle 











= 
‘?) 
= 
mo 
~] 
oS 
oe 
NO 
| 
ms) 
Cc 
— 
< 
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> 
w 
| 
mi 






ae 
Px [warseeces [tgp | ome | — 
Px | netseeces [tgp | tonz | 






ABSOLUTE MAXIMUM RATINGS (Voltages referenced to Vss = 0 V) 


| Rating | Symbol 
Power Supply Voltage — 0.5 to 7.0 
TA 








Voltage Relative to VSS, 
Cc) 


[Unit _| 
Power Dissipation =| PT |W 
JOperating Temperature | STAT (to 70 | 


NOTE: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are exceeded. 
Functional operation should be restricted to RECOMMENDED OPERATING 
CONDITIONS. Exposure to higher than recommended voltages for extended periods of 
time could affect device reliability. 
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This device contains circuitry to 
protect the inputs against damage 
due to high static voltages or electric 
fields; however, it is advised that 
normal precautions be taken to 
avoid application of any voltage 
higher than maximum rated voltages 
to these high impedence circuits. 


This BICMOS memory circuit has 
been designed to meet the dc and ac 
specifications shown in the tables, 
after thermal equilibrium has been 
established. The circuit is in a test 
socket or mounted on a printed 
circuit board and transverse air flow 
of at least 500 linear feet per minute 
is maintained. 





MCM67081° MCM67082 


DC OPERATING CONDITIONS AND CHARACTERISTICS _ 
(Voc = 5.0 V + 10%, Ta = 0 to + 70°C, Unless Otherwise Noted) 


RECOMMENDED OPERATING CONDITIONS (Voltages referenced to Vss = 0 V) 


Supply Voltage (Operating Voltage Range) 


Input High Voltage 
Input Low Voltage 


*ViH (max) = Voc + 0.3 V de; VjH (max) = Voc + 2 V ac (pulse width < 2 ns) for | < 20 mA. 
“Vit (min) = — 0.5 V de; Vip (min) = — 2 V ac (pulse width < 2 ns) for | < 20 mA. 





DC CHARACTERISTICS 


Input Leakage Current (All Inputs, Vin = 0 to Vcc) 


Output Leakage Current (S = Viyy, Voyt = 0 to Voc) 


AC Supply Current (loyt = 0 mA) MCM67081/MCM67082-10: tayay = 10 ns 
MCM67081/MCM67082-12: tayay = 12 ns 
MCM67081/MCM67082-15: tayay = 15 ns 


Output Low Voltage (Io, = + 8.0 mA) 
Output High Voltage (IoH = — 4.0 mA) 


Characteristic 


Input Capacitance 





Input/Output Capacitance 


AC TEST LOADS TIMING LIMITS 


The table of timing values shows either 
a minimum or a maximum limit for each 
Ri = 50Q parameter. Input requirements are speci- 
fied from the external system point of view. 
Thus, address setup time is shown as a 
minimum since the system must supply at 
least that much time (even though most 
devices do not require it). On the other 
hand, responses from the memory are 
specified from the module point of view. 
Thus, the access time is shown as a maxi- 
mum since the module never provides 
Figure 1 data later than that time. 


OUTPUT 





Vi =15V 
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AC OPERATING CONDITIONS AND CHARACTERISTICS 
(Voc = 5.0 V + 10%, Ta = 0 to + 70°C, Unless Otherwise Noted) 


Input Timing Measurement Reference Level ........ 1.5V Output Timing Measurement Reference Level ....... 1.5V 
Input Pulse Levels .................. 0.00 0to 3.0 V OUIDUE LOAG 4,.05.35.5.05,55.0oke end verano hie ds See Figure 1 
Input Rise/Fall Time ........... 0... ccc cee ees 2ns 


READ CYCLE TIMING (See Note 1) 










MCM67081-10 | MCM67081-12 | MCM67081-15 
MCM67082-10 | MCM67082-12 | MCM67082-15 | 











Symbol 


eosGetme Sid | wo | | - |e | — | 
patessAowestine +; wav | ma | — | © | - | 2 | —_ 
[seuctaccstine + tauev | wos | - | s |] « | 
oe oes a ee 

Pad Se Wee 

pe fs fe fe Po 















Select Low to Output Active tsLax | tz | 
Select High to Output High-Z tSHaQz | tz 


NOTES: 
1. Wis high for read cycle. 

. All read cycle timings are referenced from the last valid address to the first transitioning address. 

. At any given voltage and temperature, tsHqz max is less than ts, Qx min, both for a given device and from device to device. 
. Transition is measured 100 mV from steady-state voltage with load of Figure 1. 
. This parameter is sampled and not 100% tested. 
. Device is continuously selected (S = Vj,). 
. Addresses valid prior to or coincident with S going low. 


RC 

TAA 

Output Hold from Address Change tAXQX OH 
{LZ 

tHZ 





NO Or BW Y/Y 


READ CYCLE 1 (See Note) 


tT AVAV 


taxax 


oiorraour XXX KKK arava 


tavey ——— 


READ CYCLE 2 (See Note) 


T AVAV 


ts.qy 


S (CHIP SELECT) 


'SHQZ 
G (OUTPUT ENABLE) a 


— | 
'GLax ago ae 
ajoaraoun XXXXK arava +» 


tavay ————_>- 
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MCM67081° MCM67082 


WRITE CYCLE 1 (W Controlled, See Note 1). 


MCM67081-10 | MCM67081-12 | MCM67081-15 
Symbol MCM67082-10 | MCM67082-12 | MCM67082-15 
Parameter Standard 
2 


Write Cycle Time tAVAV 1 | 
Address Setup Time tAVWL 
Address Valid to End of Write tAVWH 












Le) 












NO 


DateHowTine | twa] 10H 
Data Valid to Output Valid 


NOTES: 
1. Awrite occurs during the overlap of S low and W low. 
2. All write cycle timings are referenced from the last valid address to the first transitioning address. 
3. Transition is measured 100 mV from steady-state voltage with load of Figure 1. 
4. This parameter is sampled and not 100% tested. 
5. At any given voltage and temperature, twLQz max is less than twHQ x min both for a given device and from device to device. 


0 
2 
7. 


—_ 





Oo 








WRITE CYCLE 1 


T AVAV 


A (ADDRESS) 


W (WRITE ENABLE) | 


tWHAX 


DDATAIN) KXXXXXXXXKXKXKKAY XXXX 
twLoz 
HIGH-Z 
a (OATAOUT) XY) (XX) 


Ina 


t pvav 


HIGH-Z 
a (DATA OUT) XXXXXXXXA_DATAVALIO FRX 


MOTOROLA MEMORY DATA 


7-120 


MCMG67081° MCM67082 


WRITE CYCLE 2 (S Controlled, See Notes 1, 2, 3, 4, and 5) 


MCM67081-10 | MCM67081-12 | MCM67081-15 
MCM67082-10 | MCM67082-12 | MCM67082-15 
Parameter Standard 


Write Cycle Time 10 
Address Setup Time 
Address Valid to End of Write 


Select to End of Write 


Write Recovery Time twR 


NOTES: 
1. Awrite occurs during the overlap of S low and W low. 
2. All write cycle timings are referenced from the last valid address to the first transitioning address. 
3. If S goes low coincident with or after W goes low, the output will remain in a high impedance condition. 
4. If S goes high coincident with or before W goes high, the output will remain in a high impedance condition. 





WRITE CYCLE 2 


TAVAV 


S (CHIP SELECT) 





tSHAX 


W (WRITE ENABLE) 
'SHDX 





tovsH 


WYO KAX 





DIDATAI) XXXXXXXXAKKKXAKKY 


MCM67082 HIGH-Z 
Q (DATA OUT) 


DATA OUT (92Pin_) 
Q (DATA OUT) 





ORDERING INFORMATION 
(Order by Full Part Number) 
67081 
MCM 67082 xx C xx XX 
Motorola Memory Prefix [_o- Shipping Method (R2 = Tape & Reel, Blank = Rails) 
Part Number Speed (10 = 10 ns, 12 = 12 ns, 15 = 15 ns) 
Package (P = 300 mil Plastic, J = 300 mil SOJ) Operating Temperature Range 
Full Part Numbers - MCM67081P10 MCM67081J10 MCM67082P10 MCM67082J10 
MCM67081P12 MCM67081J12 MCM67082P12 MCM67082J12 
MCM67081P15 MCM67081J15 MCM67082P15 MCM67082J15 


MOTOROLA MEMORY DATA 


7-121 


MOTOROLA 


a SEMICONDUCTOR 
TECHNICAL DATA 





Advance Information 
QuickRAM™ 
Fast Static RAM Family 


The QuickRAM Family of fast static RAMs is fabricated using Motorola’s high- 
performance silicon-gate CMOS technology. Static design eliminates the need 
for external clocks or timing strobes, while CMOS circuitry reduces power con- 
sumption and provides for greater reliability. 

The product family includes devices with four different densities: 294,912 bits, 
262,144 bits, 73,728 bits, and 65,536 bits. 

These devices meet JEDEC standards for functionality and pinout, and are 
available in plastic dual-in-line and plastic small-outline J-leaded packages. 
® Single 5 V +10% Power Supply 
Fully Static — No Clock or Timing Strobes Necessary 
Fast Access Times: 12, 15, 17, 20, and 25 ns 
Equal Address and Chip Enable Access Times 
Output Enable (G) Feature for Increased System Flexibility and to Eliminate 
Bus Contention Problems — on MCM6205/06, MCM6209, MCM6264/65, and 
MCM6290 
Low Power Operation: 120-160 mA Maximum AC 
Fully TTL Compatible — Three State Output 
Separate Data Input and Output on MCM6207 and MCM6287 








256K x 1 
MCM6207-15, -20, -25 







64K x 4 
MCM6208-15, -20, -25 








64K x 4 with OE 
MCM6209-15, -20, -25 








32K x 8 
MCM6206-17, -20, -25 







 32Kx9 
MCM6205-17, -20, -25 





CONTENTS 


Page 64K X 1 
Family Maximum Ratings and DC Characteristics ...............000. 2 MCM6287-1 2,715, -20 
Family AC Characteristics ..... Se ee ee eee re ee a eee 4 
Device Data (See Numerical Index) ..... sGie Bice igcin ot eared 4p a ieee ate 8 
Package Dimensions .............0ceeceeeeceeeaes See Chapter 14 16K x 4 
Output Load Conditions ......... 0.000 eee ee tee cee eee tweets 16 


MCM6288-12, -15 


16K x 4 with OE 
MCM6290-12, -15 


DEVICE NUMERICAL INDEX 


MCM6205-17, -20, -25 17, 20, 25 32K x 9 
MCM6206-17, -20, -25 17, 20, 25 32K x 8 
MCM6207-15, -20, -25 15, 20, 25 256K x 1 
MCM6208-15, -20, -25 ; 15, 20, 25 64K x 4 


8K x 8 
MCM6264-15, -20 


MCM6209-15, -20, 15, 20, 25 64K x 4 OE 


| MCM6264-15, - 
MCM6265-15, - 
MCM6287-12, - 
MCM6288- 12, - 


QuickRAM is a trademark of Motorola, Inc. 


MCM6290-12, - 


8K x 8 
8K x9. 
64K x 1 
16K x 4 
16K x40E 








8K x 9 
MCM6265-15, -20, -25 


This document contains information on new products. Specifications and information herein are subject to change without notice. 
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QuickRAM 


ABSOLUTE MAXIMUM RATINGS (See Note) 









| Rating = Symbot | Value | Unit | 
Power Supply Voltage Relative to Vss 






[Power Dissipation | | et | 
Operating Temperature TA 


NOTE: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are exceeded. 
Functional operation should be restricted to the OPERATING CONDITIONS. Exposure to 
voltages higher than the operating voltages for extended periods of time could affect device 
reliability. 








3 
> 








= 





This device contains circuitry to protect the inputs 
against damage due to high static voltages or electric 
fields; however, it is advised that normal precautions be 
taken to avoid application of any voltage higher than 
maximum rated voltages to this high-impedance circuit. 





This CMOS memory circuit has been designed to meet 
the dc and ac specifications shown in the tables, after 
thermal equilibrium has been established. The circuit is 
in a test socket or mounted on a printed circuit board 
and transverse air flow of at least 500 linear feet per 
minute is maintained. 


DC OPERATING CONDITIONS AND CHARACTERISTICS (Vcc = 5 V 10%, Ta = 0 to +70°C, Unless Otherwise Noted) 














win 
[vm [22 [Veco 
aa 
ee 
ue 
en 


Input High Voltage 


a | Max | 
| Yoo Lovee 
VIH : 

VIL 

eee 


Output Low Voltage lol =8 mA 
*VIH (max) = Voc + 0.3 V de; ViH (max) = Voc + 2 V ac (pulse width < 20 ns) 


“Vit (min) = —0.5 V de, Vi_ (min) = -2 V ac (pulse width < 20 ns) 


Ca 
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QuickRAM 


POWER SUPPLY CURRENTS (AC Operating Conditions Unless Otherwise Noted) 


[Density | Conig. | Device | Parameter 
racw62090 


MCM6288/90 | AC Active Supply Current 
| eas [- mcuazey | ae ee 






















eT 

oO 

> 
3 
> 


/ 
> 


All All AC Standby Current 
(E = ViH, Vcc = Max, f = fmax) 
All All CMOS Standby Current IsB2 
(Vcc = Max, f = 0 MHz, 
E2>Vcoc - 0.2 V’ 
Vin s Vsg +0.2 V, or 2 Voc -0.2 V) 
lI 
All 


| 64Kx4 | MCM6208/09 | AC Active Supply Current 
| sekx1 | McMe6207 | ‘lout= 0 mA, Vcc = Max, f= fmax) 
32K x 8 MCM6206 


. 
> 








| 
> 


ISB1 


°o 
2 
> 


A AC Standby Current 
(E = Vi, Vcc = Max, f = fmax) 
ue 


*For devices with multiple chip enables of opposite polarity,E1 = Vcc — 0.2 V or E2< Vsg+0.2V 





32K x 9 MCM6205 
Il 


CMOS Standby Current 
(Voc = Max, f = 0 MHz, 


E2>Vcc - 0.2 V* . 
Vin < Vsg +0.2 V, or = Voc -0.2 V) 






sislsisls els 


nN 
| 8 
> 


roy 
© 
ran) 





CAPACITANCE (f = 1 MHz, dV = 3 V, Ta = 25°C, Periodically sampled rather than 100% tested) 
Characteristic 


Address and Data Input Capacitance 
MCM6287 (64K x 1), MCM6288/90 (16K x 4) 

~ MCM6264 (8K x 8), MCM6265 (8K x 9) 
MCM6207 (256K x 1), MCM6208/09 (64K x 4) 
MCM6205 (32K x 9), MCM6206 (32K x 8) 


Control Pin Input Capacitance (E *G, W) 
MCM6287 (64K x 1), MCM6288/90 (16K x 4) 
MCM6264 (8K x 8), MCM6265 (8K x 9) 
MCM6207 (256K x 1), MCM6208/09 (64K x 4) 
MCM6205 (32K x 9), MCM6206 (32K x 8) 


Output Capacitance 
MCM6287 (64K x 1), MCM6288/90 (16K x 4) 
MCM6264 (8K x 8), MCM6265 (8K x 9) 
MCM6207 (256K x 1), MCM6208/09 (64K x 4) 
MCM6205 (32K x 9), MCM6206 (32K x 8) 





*For devices with multiple chip.enables, E1 and E2 are represented by E in this data sheet. E2 is of opposite polarity to E. 
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AC OPERATING CONDITIONS AND CHARACTERISTICS 
(Voc = 5 V 10%, Ta = 0 to +70°C, Unless Otherwise Noted) 


Input Timing Measurement Reference Level ....... 1.5V Output Timing Measurement Reference Level ...... 1.5V 
Input Pulse Level$ ccs ces cd 44 Coen we ee Oto3V OutputLoad ......... Figure 1A Unless Otherwise Noted 
Input Rise/Fall Time ................ 2c eee eee 5ns 


READ CYCLE (See Notes 1 and 2 


( ) 
‘ —- | 


MCM6288 and MCM6290 16K x 4 
















MCM6287 64K x 1 
MCM6265 8K x9 





MCM6208 and MCM6209 





64K x 4 


MCM6207 256K x 1 





MCM6206 





32K x 8 
MCM6205 








” 
< 
3 
ios 
o 
= 
N 
' 
=k 
wl 


n 


Parameter | Alt | Min 

Read Cycle Time RC 
Address Access Time TAA ee 
Enable Access Time | terav | tacs | — | 
Output Enable Access Time tetav | toe | — | 
Output Hold from Address Change 
Enable Low to Output Active {CLZ 
ecm 

eo 

ia 

cx 

lea 










—_ 
N 
oh — 
NT O™N 


chal 
| @ 
NI} ON 


Output Enable Low to Output Active teLax | toLz 
Enable High to Output High-Z tEHQZ | tCHZ 
Output Enable High to Output High-Z-| tGHaqz | toHz 


Power Up Time tELICCH | tPU 
tEHICCL | ‘PD 


ip) 


no =a! PM] PM 
ie) —}j ao =|] pol po 
on oO; © rp} of oO 





—k —_ —s 
ie) Py] 

st 
Ss —* —s 





Power Down Time 


NOTES: 
1. Wis high for read cycle. 
2. For devices with multiple chip enables, E1 and E2 are represented by E in this data sheet. E2 is of opposite polarity to E . 
3. All timings are referenced from the last valid address to the first transitioning address. 
4. Addresses valid prior to or coincident with E going low. 
5. At any given voltage and temperature, te HQz max < teELQx min, and tgHQz Max < tGLQx Min, both for a given device and from 
device to device. 
. Transition is measured 500 mV from steady-state voltage with load of Figure 1B. 
. This parameter is sampled and not 100% tested. 


8. Device is continuously selected.E < Vi_ and G < Vj,. 


hk 
~s 





“NO 
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READ CYCLE 1 (See Note 8) 














tAVAV 

A (ADDRESS) 
tAXQxX ————> 
Q (DATA OUT) PREVIOUS DATA VALID OX KKK KK XK} | DATA VALID 
Tavav : 
READ CYCLE 2 (See Notes 2 and 4) 

taVAV — 

A (ADDRESS) | 





E (CHIP ENABLE) 


ma- 1 EHQZ 
| <t- 1 GHQZ 
G (OUTPUT ENABLE) - 
— 











Q(DATA OUT) ex XK X 3 DATA VALID 
tavav 
| TELICCH | }e— TELICCL —> 
Voc / 
SUPPLY CURRENT 
ISB 
AC TEST LOADS 
+5V 
480 Q 
a 
— Q 
RL =50Q 
255 Q 5 pF 
VE =1.5V (INCLUDING 
SCOPE AND JIG) 
See Output Load Conditions, page 18. 
Figure 1A , Figure 1B — 
TIMING PARAMETER ABBREVIATIONS 
t 
| a — ee TIMING LIMITS 

signal as oct oe earn adlies | The table of timing values shows either a minimum or a maximum 
signal name to which interval is d pa eae limit for each parameter. Input requirements are specified from the 
transition direction for second signal external system point of view. Thus, address setup time is shown as a 
minimum since the system must supply at least that much time (even 
The transition definitions used in this data sheet are: though most devices do not require it). On the other hand, responses 
H = transition to high from the memory are specified from the device point of view. Thus, 
L = transition.to low the access time is shown as a maximum since the device output will 

V = transition to valid be valid no later than that time. 


X = transition to invalid or don’t care 
Z = transition to off (high impedance) 
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WRITE CYCLES 


MCM6288 and MCM6290 
MCM6287 
MCM6264 
MCM6265 

MCM6208 and MCM6209 64K x 4 
MCM6207 256K x 1 
MCM6206 32K x 8 
MCM6205 


Write Pulse Width 


Write Pulse Width, G High 
(Output Enable devices) 


—_ _ Po Po 


2 
Address Valid to End of Write 10 
tc 
‘DH 


t 
Enable to End of Write tELEH, ‘tCW 
tELWH 
t 


[teHOX | OH | 


A write occurs during the overlap of E low and W low. 

For devices with multiple chip enables, E1 and E2 are represented | by Ein this data sheet. E2 is of opposite polarity to E. 

For Output Enable devices, if G goes low coincident with or after W goes low, the output will remain in a high impedance state. 
All timings are referenced from the last valid address to the first transitioning address. 


For Output Enable devices, if G = Vjp, the output will remain in a high impedance state. 

At any given voltage and temperature, twLQG max < twHQx min, both for a given device and from device to device. 
Transition is measured 500 mV from steady-state voltage with load of Figure 1B. 

This parameter is sampled and not 100% tested. 

If E goes low coincident with or after Wgoes low, the output will remain in a high impedance state. 

If E goes high coincident with or before W goes high, the output will remain in a high impedance state. 


A 
A 
D 
W 





BOO Sl een 


— 
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WRITE CYCLE 1 (See Note 2) 


tA ee 


SS ral tk 
E (CHIP ENABLE) ; 
W (WRITE ENABLE) 
poms KOOXKKXAKXXA_oeeoaso AX OKX 


t WLQZ 
ayoaraoun OZ YY YY YY —___ son? — WAX) 


tw 





WRITE CYCLE 2 (See Note 2) 


A (ADDRESS) 


E (CHIP ENABLE) Z ae 
<———— t ave» ———> 


W (WRITE ENABLE) 


t EHDX 


XXXEK 











XXXXKXKKXKXKXXXEX) 


HIGH-Z 


D (DATA IN) 





Q (DATA OUT) 
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256K x 1 Bit Fast Static RAM MCM6207 


P PACKAGE 
300 MIL PLASTIC 
MEMORY MATRIX CASE 724A 
ROW 
256 ROWS x 
DECODER 1024 x 1 COLUMNS 


J PACKAGE 
300 MIL SOJ 
CASE 810A 


RRKRRKRKKRKRKK 


AO AS A7 A8 AQ A110 Ail A12 A13 A17 PIN ASSIGNMENT 


Address Input Data Output 

Chip Enable +5 V Power Supply 

Write Enable : Ground 
Data Input 


Not Selected isB1, IsBe 
Read ICCA Read ¢ Cycle 
Write ICCA ligh- Write Cycle 


ORDERING INFORMATION vane - Full Part Number) 
6207 X XX 


Motorola Memory eee a | | obs Shipping Method (R2 = Tape & Reel, Blank = Rails) 
Part Number Speed (15 = 15 ns, 20 = 20 ns, 25 = 25 ns) 


Package (P = 300 mil Plastic DIP, J = 300 mil SOW) 
Full Part Numbers—MCM6207P15 MCM6207J15 MCM6207J15R2 
MCM6207P20 MCM6207J20 MCM6207J20R2 
MCM6207P25 MCM6207J25 MCM6207J25R2 
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64K x 1 Bit Fast Static RAM MCM6287 


P PACKAGE 
300 MIL PLASTIC 
CASE 736A 


MEMORY MATRIX 4a J PACKAGE 
ROW 256 ROWS x 300 MIL SOU 
DECODER | 256 x 1 COLUMNS | CASE 810A 


COLUMN I/O 
COLUMN DECODER 


AQ A2 A7 A& AQ AIO Att Al2 


Address Input Data Output 

. Chip Enable +5 V Power Supply 
Write Enable 

Data input No Connection 


Not Selected SBI ISB2 
Read ICCA Read ( Cycle 
Write ICCA igh- Write Cycle 


ORDERING INFORMATION ape ne Full Part Number) 


MCM 6287 X XxX 


Motorola Memory Prefix eee | | | L Shipping Method (R2 = Tape & Reel, Blank = Rails) 


Part Number ————————__ LL. Sneed (12 = 12 ns, 15 = 15 ns, 20 = 20 ns) 


Package (P = 300 mil ee DIP, J = 300 mil SOJ) 


Full Part Numbers—MCM6287P12 MCM6287J12 MCM6287J12R2 
MCM6287P15 MCM6287J15 MCM6287J15R2 
MCM6287P20 MCM6287J20 MCM6287J20R2 
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64K x 4 Bit Fast Static RAMs MCM6208 


MCM6209 

































Al Pon 
+-— Voc 
A2 om ; MCM6208 
A3 > = aut x od 
A4 = MEMORY MATRIX iit ee ! 
Le Row 256 ROWS x (LNT UP PACKAGE = PA sou 
A6 oj DECODER 256 x 4 COLUMNS - CASE 810A 
A12 | MCM6209 
A13 ee 
Ai4 P PACKAGE ‘ PACKAGE 
300 MIL PLASTIC 300 MIL SOJ 
ae es nl CASE 7108 CASE 810B 
pao COLUMN I/O 
DQ1 COLUMN DECODER MCM6209 
I 
Daz Pn nmininmimi 


DQ3 





IS| 


MCM6209 G 
ONLY 


Address Input Chip Enable 
Data Input/Output No Connection 
Write Enable +5 V Power Supply 
Output Enable Ground 


Not Selected IsB1, IsB2 
Read ICCA Read ¢ Cycle 
ICCA igh- Write Cycle 


Not Selected IsB1, IsB2 
Output Disabled ICCA me 
Read ICCA Read Cycle 
Write ICCA igh- Write Cycle 








ORDERING INFORMATION (Order by Full Part Number) 
MCM 62XX X XX —~ XxX 


Motorola Memory Prefix ee | | e Shipping Method (R2 = Tape & Reel, Blank = Rails) 
Part Number Speed (15 = 15 ns, 20 = 20 ns, 25 = 25 ns) 


Package (P = 300 mil Plastic DIP, J = 300 mil SOW) 


Full Part Numbers—MCM6208P15 MCM6208J15 MCM6208J15R2 MCM6209P15 MCM6209J15 MCM6209J15R2 
MCM6208P20 MCM6208J20 MCM6208J20R2 MCM6209P20 MCM6209J20 MCM6209J20R2 
MCM6208P25 MCM6208J25 MCM6208J25R2 MCM6209P25 MCM6209J25 MCM6209J25R2 
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16K x 4 Bit Fast Static RAMs | MCM6288 


MCM6290 


Pas 
Pam 
ape 
Pan MEMORY MATRIX 


ROW 


256 ROWS x 
po OORER 64 x 4 COLUMNS 
Pom 


Pas 


P PACKAGE 
PLASTIC 
CASE 736A 


P PACKAGE 
300 MIL PLASTIC 
CASE 724A 


J PACKAGE 
300 MIL SOJ 
CASE 810A 





Ww 
Mcme290 G 
ONLY 





















Address Input Chip Enable 
Data Input/Output No Connection 
Write Enable +5 V Power Supply 
ouput Enable Ground 


Not Selected Isp1, IsB2 
Read ICCA Read Cycle 
Write loca igh- feeds 


Not Selected IsB1, IsB2 
Output Disabled ICCA a 
Read loca Read Cree 
Write ICCA igh- Write Cycle 





ORDERING INFORMATION (Order by Full Part Number) 


MCM 62XX X XX XX 
* , See a A: AP ae, 


a Memory Prefix | | Shipping Method (R2 = Tape & Reel, Blank = Rails) 
Part Number 


Speed (12 = 12 ns, 15 = 15 ns) 


Package (P = 300 mil Plastic DIP, J = 300 mil SOJ) 


Full Part Numbers—MCM6288P12 MCM6290P12 MCM6290J12 MCM6290J12R2 
MCM6288P15 MCM6290P15 MCM6290J15 MCM6290J15R2 














QuickRAM, Page 11 


MOTOROLA MEMORY DATA 


7-132 


QuickRAM 


32K x 8 Bit Fast Static RAM MCM6206 





AO Pama 
Vcc 
A3 Poa 
Vss 
A4 Pom NP PACKAGE 
300 MIL PLASTIC 
AG Pom MEMORY MATRIX CASE 710B 
‘a ROW 
| 256 ROWS x 
A7 La OECORER 128 x 8 COLUMNS 
A8& Pom 
AQ P axes Gg 
A11 Paso a 4 
NJ PACKAGE 
ee! 300 MIL SOJ 
CASE 810B 
DQ0 = COLUMN I/O 







eet 
LT MMANMRAR 
E A2 AS A10 A12 A13 A14 Peer 
nN 
Ww 
G 


Address Input 
Data Input/Output 
Write Enable 


Chip Enable 
+5 V Power Supply 
Ground 


Output Enable 





MCM6206 TRUTH TABLE (X = don’t care) 


eee ee ee, oe 























Not Selected IsB1, IsBe 
Output Disabled ICCA cag 
Read ICCA Read Cycle 





Write Write Cycle 


ICCA 


aaa INFORMATION hee by Full Part Number) 

. 6206 X XX 

Motorola Memory eee | Tot (| Estee Method (R2 = Tape & Reel, Blank = Rails) 
Part Number Speed (17 = 17 ns, 20 = 20 ns, 25 = 25 ns) 


Package (NP = 300 mil Plastic DIP, NJ = 300 mil SOJ) 


Full Part Numbers—MCM6206NP17 MCM6206NJ17 MCM6206NJ17R2 
MCM6206NP20 MCM6206NJ20 MCM6206NJ20R2 
MCM6206NP25 MCM6206NJ25 MCM6206NJ25R2 
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8K x 8 Bit Fast Static RAM | MCM6264 


P PACKAGE 
300 MIL PLASTIC 
CASE 710B 


Sal 


1 


MEMORY MATRIX 
ROW 
256 ROWS x 
p= PECODER 32 x 8 COLUMNS 


NJ PACKAGE 
300 MIL SOJ 
CASE 810B 


COLUMN I/O 


COLUMN DECODER 


AO Ait A6 A110 A12 PIN ASSIGNMENT 


Address Input | E1 Chip Enable 
Data Input/Output No Connection 
Write Enable +5 V Power Supply 
Output Enable Ground 





MCM6264 TRUTH TABLE (X = don’t care) 


a 


Not Selected Isp1, IsBe 
Not Selected IsB1, IsBe 
Output Disabled ICCA 
Read ICCA 
Write ICCA 


























Read Cycle 
Write Cycle 










ORDERING INFORMATION (Order by Full Part Number) 
MCM 6264 X XX XxX 


Motorola Memory Prefix a | | | L Shipping Method (R2 = Tape & Reel, Blank = Rails) 


Part Number —————— ———— Speed (15 = 15 ns, 20 = 20 ns) 


Package (P = 300 5 Plastic DIP, NJ = 300 mil SOW) 


Full Part Numbers—MCM6264P15 MCM6264NJ15 MCM6264NJ15R2 
MCM6264P20 MCM6264NJ20 MCM6264NJ20R2 
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32K x 9 Bit Fast Static RAM MCM6205 


AO 





Pom 
V 
ha pe CC 
Vss 
A4 D> cae NP PACKAGE 
AG Pom MEMORY MATRIX eee rere 
ROW 
256 ROWS x 
A7 Pea DECODER 128 x 9 COLUMNS 
AQ Pam 
A10 BPars 
A11 Pam 
300 MIL SOJ 
DQo = 3 COLUMN YO | CASE 857 







DQ8 COLUMN DECODER 


PIN ASSIGNMENT 


A2 AS A8 Al2 A13 A14 


Address Input | E1 Chip Enable 
Data Input/Output No Connection 
Write Enable +5 V Power Supply 
Output Enable Ground 


Not Selected Ispi, Ispe 
Not Selected Isp1, Ispe — 
Output Disabled ICCA = 
Read ICCA Read Cycle 
Write ICCA igh- Write Cycle 





ORDERING INFORMATION oe oe Full Part Number) 
a 6205 KX XX 


Motorola Memory pre ——} | | obs Shipping Method (R2 = Tape & Reel, Blank = Rails) 
Part yok —— | Speed (17 = 17 ns, 20 = 20 ns, 25 = 25 ns) 
Package (NP = 300 mil Plastic DIP, NJ = 300 mil SOJ) 


Full Part Numbers—MCM6205NP17 MCM6205NJ17 MCM6205NJ17R2 
MCM6205NP20 MCM6205NJ20 MCM6205NJ20R2 
MCM6205NP25 MCM6205NJ25 MCM6205NJ25R2 
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8K x 9 Bit Fast Static RAM MCM6265 


P PACKAGE 
300 MIL PLASTIC 


MEMORY MATRIX CASE 710B 


ROW 256 ROWS x 
DECODER 32 x 9 COLUMNS 


Sal 


1 
NJ PACKAGE 
300 MIL SOU 
CASE 810B 


COLUMN DECODER 


; COLUMN I/O 


AO Ai. A6 A8 At2 PIN ASSIGNMENT 


Address Input | E14 Chip Enable 

Data Input/Output +5 V Power Supply 

Write Enable Ground 
Output Enable 





MCM6265 TRUTH TABLE (X = don’t care) 


i CBE ie ee ee 


Not Selected Isp1, IsB2 
Not Selected Isp1, IsBe 


























Output Disabled ICCA — 
Read ICCA Read Cycle 
Write ICCA Write Cycle 





aoe INFORMATION ee iy Full Part Number) 
6265 X XX 


Motorola Memory 7 eee a | | x L Shipping Method (R2 = Tape & Reel, Blank = Rails) 
Part Number Speed (15 = 15 ns, 20 = 20 ns, 25 = 25 ns) 


Package (P = 300 ‘ Plastic DIP, NJ = 300 mil SOJ) 


Full Part Numbers—MCM6265P15 MCM6265NJ15 MCM6265NJ15R2 
MCM6265P20 MCM6265NJ20 MCM6265NJ20R2 
MCM6265P25 MCM6265NJ25 MCM6265NU25R2 
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OUTPUT LOAD CONDITIONS 


INTRODUCTION 


This review describes the ac loading used for testing this 
family of parts. Component test engineers should pay careful 
attention to the test conditions and derating curves for devi- 
ations from the specified load. This information is also applica- 
ble for system engineers calculating required device speed for 
a given environment. This information will help the user make 
the appropriate choice of device performance for their needs. 

As device access times decrease, so do output transition 
times. With faster rise and fall times come additionai probiems 
associated with output and signal path impedances. In any 
system running at frequencies where the propagation delay of 
a signal path (tod) is greater than 1/2 of the total signal transi- 
tion time, transmission line effects will be seen on the signal. 
This results in overshoot and undershoot at the load end of a 
conductor, which can cause problems in testing, or in actual 
use of the device. This discussion gives a brief overview of the 
factors contributing to these effects, and the measures that 
can be used to predict or eliminate them. For adetailed discus- 
sion of both PC board layout considerations and applicable 
transmission line theory, consult the MECL System Design 
Handbook, publication HB205R1, Motorola, Inc., 1983. 


DEFINITION OF TERMS 

tod Propagation delay in seconds 

Lo Inductance in henries/meter 

Co Capacitance in farads/meter 

Re Load resistance in ohms 

RDS(on) Resistance from drain to source of a FET device 
when on 

RO Output resistance in ohms. For CMOS devices, this 
is the RDS(on) resistance of the output devices. 

ROH Output resistance for a high, or “1”, signal from the 
device 

ROL Output resistance for a low, or “O”, signal from the 
device 

OL Reflection coefficient of the load end of a signal 

ps Reflection coefficient of the source end of a signal, 


the device output 


VE Termination voltage of the load resistor in a trans- 
mission line termination network 


TRANSMISSION LINE OVERVIEW 


What is a transmission line and how does it affect output 
waveforms? In simple terms, a transmission line is a signal 
path that exhibits a characteristic impedance. The type of lines 
discussed in this paper are primarily microstrip (Figure 2A) and 
Stripline signal paths (Figure 2B) found in most PC boards 
today. The inductance and capacitance of these lines are a 
function of the line thickness and width in combination with the 
dielectric properties of the PC board material and the distance 
of the line from the ground plane. The impedance of the line is 
determined by these characteristics and the additional distrib- 
uted capacitance from other devices on the line. 


t= 0.0015” for 1 oz Cu 
0.0030” for 2 oz Cu 


eee 
DIELECTRIC 


Figure 2A. Microstrip Signal Path 









GROUND PLANE 
STRIP LINE 


GROUND PLANE 


Figure 2B. Stripline Signal Path 


The characteristic impedance of a microstrip or stripline 
path is given by the formula Zo = V19/Co. The propagation 
delay of the path, tpg, is tpg = V Lo Co x length = Zo Co 
x length. For example, the propagation delay of a 
microstrip line on G10 epoxy/glass material is approxi- 
mately 1.76 ns/ft, while the delay for a stripline is about 2.27 
ns/ft. 

The effect of a transmission line on a device output depends 
onthe electrical length of the line. In all cases, asignal traveling 
down the line will be affected at the end of the line if it is not ter- 
minated with a resistor of the characteristic impedance of the 
line. The amount of effect is determined by the reflection coeffi- 


cient of the load, p_, where: 





Ry - 20) 
Ri. +Zo 





pL= ( (1) 


This reflection occurs at a time tpg after a change at the 
source of the signal. A similar reflection occurs at 2tpq after this 
new signal has returned from the load to the source, and is de- 


termined by the source reflection coefficient, ps, where: 


Ro- 0) 
Ro +Zo 





ps = ( es 

Ro is the output resistance of the device. In the case of an 
electrical line length with tpd less than 1/2 of the rise/fall time of 
the output signal, the transmission line effects are seen as a 
delay of the signal transition times. This is caused by the load 
reflection returning to the source during the actual signal tran- 
sition and being included in the duration of the signal. For the 
case of an electrical length with tod greater than 1/2 of the rise/ 
fall time of the output signal, the reflection effects may be seen 
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directly. In severe cases, signal overshoot or undershoot can 
cause an invalid level to be seen at the load end at 3tpd- 

The formulas for determining reflection coefficients require 
knowledge of the output impedance of the device, the charac- 
teristic impedance of the signal path, and the termination resis- 
tance. The goal of termination is to guarantee that the output 
signal at the receiving end (load) has enough margin to keep 
reflection effects from causing a false level to be detected. In 
an ideal case, the termination resistance is equal to the char- 
acteristic impedance of the line, and therefore, no reflection is 
generated at the load. In that one case, the impedance mis- 
match at the source is of importance only for signal rise time, 
VOH and VoL considerations. 

The effect of additional distributed capacitance on a trans- 
mission line is a reduction in impedance resulting in little 
change to tpg. This additional capacitance does, however, 
change the signal transition times resulting in a longer rise and 
fall time. 


OUTPUT BUFFERS 


The schematic drawing for a typical CMOS TTL output buff- 
er is shown in Figure 3A. Figure 3B shows the equivalent cir- 
cuit as actually implemented in many devices. The actual val- 
ues for ROH and ROL vary from design to design but the range 
of values is similar. 


VoD. 


IN OUT 


Figure 3A. Typical Output Buffer 


VDD-VTN Vpp 







RN 


RDS (on) 
100Q 


Rp 


RDS (on) 
3252 





OUT 
ROH = Rp|| RN N ities 
DS (on) 
100x325 _ 760 150 
100 +325 ——= Vss 


Figure 3B. Effective Circuit 


As can be seen from Figure 3, the output impedance of a 
TTL output buffer is different for high and low output signals. 
This relation, along with the choice of Vpp level, termination 
resistance, and voltage determine the output high and low lev- 
els the part will produce in the system. In adc condition with Ry. 


= 50 Q = and VL = 1.5 V, the output voltages would be: 


| R 
VoL = Vss + (VL - Vgs) Eo eR 


VoL = 0V + (1.5V—OV) ( 15 Q ) 
15 Q+50Q 


VOL = 0.35 V (3) 


VOH = VL + (Vpp — VL -VTN an) (a) 


Ri + ROH 
325 Q 
VoOH = 1.5 V+ (4.4 V-—1.5 V-1.2 V ———————— 
sl ( ATG! 
( 50 Q ) 
50Q+762 
VOH = 2.33 V (4) 


TRADITIONAL TTL OUTPUT LOAD SPECIFICATIONS 


The output loading typically specified in the industry until 
now is shown in Figure 4A. The load consists of a resistor net- 
work and capacitance. The values for the network were cho- 
sen to present a dc load of 8 mA during an output low condition 
(VOL < 0.4 V) and —4 mA for an output high (VOH 2 2.4 V). A 
5 V supply was chosen as the termination supply and a divider 
network was caiculated to provide the specified currents. In 
addition, a lumped capacitive load of 30 pF was added to the 
output to represent input loading from other devices. In actual 
practice during testing, the load used is a Thevenin equivalent 
as shown in Figure 4B, with capacitance being provided by the 
50 Q transmission line connection to the test head and the test 
fixture capacitance. 


5V 


480 Q 
OUTPUT 


30 pF 255 


Figure 4A. Typical TTL Load 


OUTPUT 





Ri = 168Q $ 
VL=1.73V 


Figure 4B. Thevenin Equivalent Test Load 
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OUTPUT VOI_TAGE (VOLTS) 








5 


10 15 
TIME (ns) 


Figure 5. Output Waveforms with 
Thevenin Equivalent Test Load 


The calculated performance of this setup would be that of a 
transmission line with a Zp of 50 2 terminated to an Ry_ of 168 Q 
at a Vi of 1.73 V. This would be py = (168 Q — 50 Q) / 
(168 Q + 50 Q) = 0.54. This means that the AV at the load 


would be 154% of the source AV. Using the example output 
buffer with Vpp = 5.0 V, the dc Voy would be 0.14 V and 
the incident VQu, using the 50 Q from Zo in place of R_, would 
be 2.67 V, giving a AV of 2.53 V. This means that for a low to 
high going signal at the source, at time tpg later, the load would 
go to VoL+ AV + (AV x 0.54), or 4.01 V. 

Figure 5 shows the actual measured waveform at the load 
end of a test fixture as described in Figure 4B. The tpq of the 
signal path is measured using a TDR (time domain reflectome- 
ter) to be approximately 4 ns. Notice the reflection effects at 
each multiple of tpg on both waveforms. The actual measured 
waveforms differ from predicted results due to inductance in 
the ground and Vpp path of the device being tested. 

In a testing environment, the tpq is subtracted from the time 
measured to give the actual output delay of the device (access 
time). Because of this, the distortions at the device output are 
ofno concern. The ringing at the load end, however, can cause 


OUTPUT 





Ri. =500 


Vi e.0 V 


Figure 6. New High Frequency AC Test Load 


severe problems when trying to accurately test the speed of 
the parts. In the past, the access time has been measured from 
some mid-level voltage which is centered between the high 
and low output swing. This has the effect of giving the most 
noise margin to ringing output signals. However, this maxi- 
mum noise margin does not guarantee that problems will not 
arise. 


NEW HIGH FREQUENCY AC TEST LOAD 


In order to properly test and guarantee the ac performance 
of these new fast static RAMs, it is necessary to change the 
conditions for ac loading to a load that will allow accurate evai- 
uation of the device parameters. Because of this, the specified 
ac load is now a transmission line terminated with a resistor of 
the characteristic impedance of the line to a load voltage (see 
Figure 6). 

The calculated performance of this load in a normal test en- 
vironmentwouldbe py = (50 Q — 50 Q) / (50 Q + 50 Q) = 0.0. 
This means that the AV at the load would be the same as the 


source AV with no signal reflection. 

As seenin Figure 7, using atransmission line terminatedtoa 
load supply through a resistor equal to the characteristic im- 
pedance of the line produces a load waveform which matches 
the source signal. Additionally, under ideal conditions, no re- 
flection effects are produced with this load. This results in the 
maximum possible noise margin for both test and system envi- 
ronments. In this test setup, power supply inductance causes 
some output noise which is seen at the load. 

Figures 8 and 9 are derating curves for calculating the ef- 
fects of varying Co and R,.. These curves are based on typical 
device performance and are not intended to be absolute worst 
case specifications. 
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4.0 
3.5 
3.0 
2.5 
2.0 


1.5 


0.5 


OUTPUT VOLTAGE (VOLTS) 


0.0 


-1.0 
-10 -5 0 5 10 15 20 25 30 35 40 


TIME (ns) 


Figure 7. Output Waveforms with High Frequency AC Test Load 





OUTPUT VOLTAGE (VOLTS) 





TIME (ns) 


Figure 8. Output Voltage as a Function of Rt 
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Atr, Att, CHANGE IN 
RISE/FALL TIMES (ns) 





CAPACITIVE LOADING (pF) 


Figure 9. Change in Output Rise and Fall Times 
for Lumped Capacitive Loads 
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MOTOROLA 
= SEMICONDUCTOR SEES 
TECHNICAL DATA 


Product Preview | O5GK x 1 
i T™ 

QuickRAM™ II | MCM6207C-10, -12 
Fast Static RAM Family 

The QuickRAM Family of fast static RAMs is fabricated using Motorola’s high- 64K x 4 
performance silicon-gate CMOS technology. Static design eliminates the need MCM6208C-1 0. -12 
for external clocks or timing strobes, while CMOS circuitry reduces power con- ? 
sumption and provides for greater reliability. 

The product family includes devices with four different densities: 294,912 bits, : 
262,144 bits, 73,728 bits, and 65,536 bits. 64K x 4 with OE 

These devices meet JEDEC standards for functionality and pinout, and are MCM6209C-1 0, -12 
available in plastic dual-in-line and plastic small-outline J-leaded packages. 
® Single 5 V 10% Power Supply 

Fully Static — No Clock or Timing Strobes Necessary 32K x 8 

Fast Access Times: 8, 10, 12, and 15 ns MCM6206C-12, -15 


Equal Address and Chip Enable Access Times 

Output Enable (G) Feature for Increased System Flexibility and to Eliminate 
Bus Contention Problems — on MCM6205/06, MCM6209, MCM6264/65, and 32K x9 
ee MCM6205C-12, -15 
Low Power Operation: 150-180 mA Maximum AC 

Fully TTL Compatible — Three State Output 

@ Separate Data Input and Output on MCM6207 and MCM6287 





CONTENTS 


Page 64K x 1 
Family Maximum Ratings and DC Characteristics ..............20005 2 MCM6287C-8, -10 
Family AC Characteristics ... 1.0... 0 2c ee te ee ee ee ee 4 
Device Data (See Numerical Index) ........ 0... cee eee eens 8 
Package Dimensions ............+0ecceeeeeaeunees See Chapter 14 16K x 4 
Olitput ‘Load Conditidlie:.3 + 2s:40s ctawawetae ease aes eea ean 16 MCM6288C-8, -10 
DEVICE NUMERICAL INDEX (See Note) 16K x 4 with OE 


MCM6290C-8, -10 


MCM6205C-12, -15 32K x 9 
MCM6206C-12, -15 32K x 8 
MCM6207C-10, -12 256K x 1 
MCM6208C-10, -12 ; 64K x 4 


8K x 8 
MCM6264C-10, -12 


MCM6209C- 10, -12 ; 64K x 4 OE 


MCM6264C-10, -12 8K x 8 
MCM6265C-10, -12 8K x 9 
MCM6287C-8, -10 ; 64K x 1 
MCM6288C-8, -10 es 16K x 4 
MCM6290C-8, -10 % 16K x 4 OE 


NOTE: Device Specifications for the faster access times are included to assist future system designs. 
Contact a Motorola Sales Representative for scheduled availability. 


8K x 9 
MCM6265C-10, -12 





QuickRAM is a trademark of Motorola, Inc. 
This document contains information on a product under development. Motorola reserves the right to change or discontinue this product without notice. 
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ABSOLUTE MAXIMUM RATINGS (See Note) 





Rating | symbol | Value | Unit_ 
Power Supply Voltage Relative to VSs 
Voltage on Any Pin, Except Vcc, Relative to Vss -0.5to Voc +0.5 
Output Current (per I/O) | loot | 0 | ma 
Power Dissipation a are ee 
Temperature Under Bias 
Operating Temperature | ta | otoa70 | ec | 
Storage Temperature-Plastic 


NOTE: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are exceeded. 
Functional operation should be restricted to the OPERATING CONDITIONS. Exposure to 
voltages higher than the operating voltages for extended periods of time could affect device 
reliability. 








= |S 


O 





This device contains circuitry to protect the inputs 
against damage due to high static voltages or electric 
fields; however, itis advised that normal precautions be 
taken to avoid application of any voltage higher than 
maximum rated voltages to this high-impedance circuit. 





This CMOS memory circuit has been designed to meet 
the dc and ac specifications shown in the tables, after 
thermal equilibrium has been established. The circuit is 
in a test socket or mounted on a printed circuit board 
and transverse air flow of at least 500 linear feet per 
minute is maintained. 


DC OPERATING CONDITIONS AND CHARACTERISTICS (Vcc = 5 V +10%, Ta = 0 to +70°C, Unless Otherwise Noted) 


Supply Voltage Operating Voltage Range | 55 
rr 









Twin 


CC 
| 
Input Low Voltage -0.5" | 08 | 
Output High Voltage IOH =-4 mA | von | 24 | — [| v | 
Output Low Voltage lol =8mA | vo | — | o4 | vi | 


“Vit (min) = -0.5 V de, Vi_ (min) = —2 V ac (pulse width < 20 ns) 
*ViH (max) = Voc + 0.3 V dec; ViH# (max) = Vcc + 2 V ac (pulse width < 20 ns) 
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POWER SUPPLY CURRENTS (AC Operating Conditions Unless Otherwise Noted) 


Poe | oie [wee [Pomme [oe 9 
16K x 4 MCM6288C/90C_ | AC Active Supply Current 


MCM6287C (lout = =O mA, Vcc = Max, f = fmax) 


MCM6264C 
Le ne Standby Current ISB1 45 
(E = VIH, Vcc = Max, f= fmax) 


MCM6265C 
ples Standby Current IsB2 
(VCC = Max, f = 0 MHz, 
E>Vcc - 0.2 V* 
Vin = Vsg +0.2 V, or 2 Voc -0.2 V) 


AC Active Supply Current ICCA | — | 175 | 165 _ 


*For devices with multiple chip enables of opposite polarity, E1 > Vcc — 0.2 V or E2< Vgg+0.2V 













BEBE 
~~ 
Oo 
als 
o 
oO 









_ 
N 
oO 














AC Standby Current 
(E = Vin, Vcc = Max, f = fmax) 






CMOS Standby Current 
(Voc = Max, f = 0 MHz, 


E>Vcc - 0.2 V* 
Vin s Vsg +0.2 V, or = Voc -0.2 V) 












| sf 
OO 
nN 

ie) 
8 





CAPACITANCE (f = 1 MHz, dV =3 V, Ta = 25°C, Periodically sampled rather than 100% tested) 
| Characteristic 


Address and Data Input Capacitance 
MCM6287C (64K x 1), MCM6288C/90C (16K x 4) 
MCM6264C (8K x 8), MCM6265C (8K x 9) 
MCM6207C (256K x 1), MCM6208C/09C (64K x 4) 
MCM6205C (32K x 9), MCM6206C (32K x 8) 


Control Pin Input Capacitance (E,* G, W) 
MCM6287C (64K x 1), MCM6288C/90C (16K x 4) 


MCM6264C (8K x 8), MCM6265C (8K x 9) 
MCM6207C (256K x 1), MCM6208C/0SC (64K x 4) 
MCM6205C (32K x 9), MCM6206C (32K x 8) 


Output Capacitance 
MCM6287C (64K x 1), MCM6288C/90C (16K x 4) 
MCM6264C (8K x 8), MCM6265C (8K x 9) 
MCM6207C (256K x 1), MCM6208C/09C (64K x 4) 
MCM6205C (32K x 9), MCM6206C (32K x 8) 


*For devices with multiple chip enables, E1 and E2 are represented by E in this data sheet. E2 is of opposite polarity to E. 
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AC OPERATING CONDITIONS AND CHARACTERISTICS 
(Voc = 5 V +10%, Ta = 0 to +70°C, Unless Otherwise Noted) 


Input Timing Measurement Reference Level ....... 1.5V Output Timing Measurement Reference Level ...... 1.5V 
Input Pulse Levels ................ 00000200) Oto3V OutputLoad ......... Figure 1A Unless Otherwise Noted 
Input Rise/Fall Time ............ 0.0... 000 eee 5 ns 


READ CYCLE (See Notes 1 and 2) 


MCM6288C and MCM6290C 
MCM6287C 
MCM6264C 
MCM6265C 

MCM6208C and MCM6209C 64K x 4 
MCM6207C 256K x 4 
MCM6206C 32K x 8 
MCM6205C 


oa 
[Min | Max 
oe 





De) 


—i 8 
PO 


ol ¢ 
xen) 
NI 


ou 





ro) 
ss 
nm 
Ade 
@ 
Ni 


NOTES: 
1. Wis high for read cycle. 
2. For devices with multiple chip enables, E1 and E2 are represented by E in this data sheet. E2 is of opposite polarity to E. 
3. All timings are referenced from the last valid address to the first transitioning address. 
4. Addresses valid prior to or coincident with E going low. = 
5. At any given voltage and temperature, teH@z Max < teELQx min, and tgHqz max < tGLQx min, both for a given device and from 
device to device. 
6. Transition is measured 500 mV from steady-state voltage with load of Figure 1B. 
7. This parameter is sampled and not 100% tested. 


8. Device is continuously selected. E< Vi, andG < Vj,. 
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A (ADDRESS) 


Q (DATA OUT) 


A (ADDRESS) 


E (CHIP ENABLE) 


G (OUTPUT ENABLE) 


Q(DATA OUT) 


READ CYCLE 1 (See Note 8) 








tAVAV 





taxax ——— 


PREVIOUS DATA VALID XK XKXKK X) DATA VALID 
tavav 





READ CYCLE 2 (See Notes 2 and 4) 


tAVAV 


; @- tEHOZ 
se ee = 





DATA VALID 


= 


tELICCH —e— TELICCL —> 





VCc 


SUPPLY CURRENT 
ISB 


AC TEST LOADS 





+5V 
) 480.2 
= Q 
255 Q 5 pF 
(INCLUDING 
SCOPE AND JIG) 
See Output Load Conditions, page 18. . 


Figure 1A Figure 1B 


TIMING PARAMETER ABBREVIATIONS 


xX xX x Xx TIMING LIMITS 
signal name from which interval is defined ——l | ses — 
transition direction for first signal _ The table of timing values shows either a minimum or a maximum 
signal name to which interval is defined limit for each parameter. Input requirements are specified from the 
transition direction for second signal external system point of view. Thus, address setup time is shown as a 
minimum since the system must supply at least that much time (even 
The transition definitions used in this data sheet are: though most devices do not require it). On the other hand, responses 


H = transition to high 
L = transition. to low 
V = transition to valid 


irom the memory are specified from the device point of view. Thus, 
the access time is shown as a maximum since the device output will 
be valid no later than that time. 


X = transition to invalid or don't care 
Z = transition to off (high impedance) 
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WRITE CYCLES 


MCM6288C and MCM6290C 









MCM6287C 
MCM6264C 
MCM6265C 


MCM6208C and MCM6209C 64K x 4 
MCM6207C 256K x 1 256K 
MCM6206C 32K x 8 
MCM6205C 32K x 9 


WRITE CYCLE 1 (W Controlled) (See Notes 1, 2, and 3) 


Parameter | Std | 


Write Cycle Time tAVAV WC 
Address Setup Time tAVWL 


Address Valid to End of Write tAVWH 


Write Pulse Width 
'WLEH 
Write Pulse Width, G High 
(Output Enable devices) tWLEH 
Data Valid to End of Write 
Data Hold Time 


Write Low to Output High-Z tWLQZ 
Write High to Output Active tWHOX t 


Write Recovery Time tWHAX 


WRITE CYCLE 2 (E Controlled) (See Notes 1, 2, and 3) 


_ 
Oo 
' 
= 
: 





ne) 
n 


n 






=) 


W 


=) 


=) 


Ww 


tas 
tA 

twp 
twp 
tow 
{DH 
twz 
O 

WR 


t 


3 


a] oo) 
n n wn n n n 


ss 

=) ee ak 

= = os _ 
ee | 





Parameter 


n 


=] 
n 


Enable to End of Write tELEH: tcw 
tELWH 


Data Valid to End of Write tDVEH tow 


1. 
2. 
3. 
4. 
5. 
6. 
ts 
8. 
9. 
0. 


po] 
n 


=) =) 
wn 


—_ 

= — 

oO NO 

aj oo — 





A write occurs during the overlap of E low and W low. 

For devices with multiple chip enables, E1 and E2 are represented by E in this data sheet. E2 is of opposite polarity to E. 

For Output Enable devices, if G goes low coincident with or after W goes low, the output will remain in a high impedance state. 
All timings are referenced from the last valid address to the first transitioning address. 


For Output Enable devices, if G > Vj, the output will remain in a high impedance state. 

At any given voltage and temperature, twLQG max < twHQx min, both for a given device and from device to device. 
Transition is measured 500 mV from steady-state voltage with load of Figure 1B. 

This parameter is sampled and not 100% tested. 

if E goes low coincident with or after W goes low, the output will remain in a high impedance state. 

If E goes high coincident with or before W goes high, the output will remain in a high impedance state. 


— 
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WRITE CYCLE 1 (See Note 2) 


LA 


—_—___$__—_—_———— taws —— tT WHAX 
E (CHIP ENABLE) 
W (WRITE ENABLE) SS == 
tAVWL ——> t WHDX 
TID 050,0,0,0,0,0,0,45¢,0,4,6 Canc Mi 9,0,050,0,0,( 


tT WLOQZ 


Q (DATA OUT) — OK XX 7 — ax xX XXX ) | 


tWH 
WRITE CYCLE 2 (See Note 2) 


LNA SS 


A(ADDRESS) 


E (CHIP ENABLE) iS 
peer UAV EL ms ot ee 


t ELWH 
W (WRITE ENABLE) 








t EHDX 


LOOCeeee 


t DVEH 


AIK AOA YY 


HIGH-Z 





D (DATA IN) 


Q (DATA OUT) 
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256K x 1 Bit Fast Static RAM MCM6207C 


= VSS | P PACKAGE 
300 MIL PLASTIC 
CASE 724A 


A3 









A4 aa MEMORY MATRIX 
256 ROWS x 
AG DECODER 1024 x 1 COLUMNS 






A14 


A15 
J PACKAGE 


A16 
300 MIL SOJ 
CASE 810A 
D COLUMN 1/0 Q 
COLUMN DECODER 





PIN ASSIGNMENT 





mi 


AO AS A7 A8 AY A10 A111 A12 A13 A17 


=| 


Address Input Data Output 

Chip Enable +5 V Power Supply 

Write Enable Ground 
Data Input 





MCM6207C TRUTH TABLE (X = don’t care) 


cis aie ae 


Not Selected Ispi, Ispe 
: f Read ICCA Read ¢ Cycle 
L L Write ICCA igh- Write Cycle 


ORDERING INFORMATION aoe oe Full Part Number) 
MCM 6207 C X XX 





Motorola Memory Prefix ae. | bs Shipping Method (R2 = Tape & Reel, Blank = Rails) 
male ino Speed (12 = 12 ns) 


Revision 


Package (P = 300 mil Plastic DIP, J = 300 mil SOJ) 
Full Part Numbers—MCM6207CP12 MCM6207CJ12 MCM6207CJ12R2 
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64K x1 Bit Fast Static RAM || MCM6287C — 


sB , | | P PACKAGE 


300 MIL PLASTIC 
CASE 736A 


Sf J PACKAGE 


300 MIL SOJ 
CASE 810A 


MEMORY MATRIX 
ROW 256 ROWS x 
DECODER 256 x 1 COLUMNS 


DUAL-IN-LINE 


COLUMN I/O 
COLUMN DECODER 


AQ A2 A7 A& AQ AO All Al2 


Address Input Data Output 

Chip Enable +5 V Power Supply 
Write Enable 

Data Input No Connection 





MCM6287C TRUTH TABLE (X = don’t care) 


pete | mete [cee Tom 


Not Selected IsB1, IsBe 
: Read ICCA Read ( Cycle 
L Write ICCA igh- Write Cycle 


ORDERING INFORMATION apes i Full Part Number) 
anne 6287 C X XX 





Motorola Memory P refx —J a ae Bi i ere Method (Re = Tape & Reei, Biank = oe) 


Part Number ————_____| 


euician Speed (10 = 10 ns) 


Package (P = 300 mil Plastic DIP, J = 300 mil SOU) 
Full Part Numbers—MCM6287CP10 MCM6287CJ10 MCM6287CJ10R2 
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64K x 4 Bit Fast Static RAMs MCM6208C 


MCM6209C 








At Pan 

A2 Pon MCM6208C 

a3 [25 Gr 

— MEMORY MATRIX uulne 

> a5 ROW 256 ROWS x PPACKAGE PACKAGE 

AG Lo DECODER 256 x 4 COLUMNS occ aa CASE 810A 
A12 Pan , | MCM6209C 
A13 Pom eT 
A14 Po P PACKAGE 4 PACKAGE 





300 MIL PLASTIC 300 MIL SOJ 






























Pe el CASE 7108 CASE 8108 
— COLUMN 1/0 
pat COLUMN DECODER MCM6209C 
paz IE Mt Mt Ut Mt lt Md 
[RP LIX LZ LN LE LN 4 24 
DQ3 
E 
W 
MCM6209 G Se aa 
ONLY 


Address Input Chip Enable 
Data Input/Output No Connection 
Write Enable +5 V Power Supply 
Output Enable Ground 


Not Selected Isp1, Isp2 


Read ICCA Read 4 Cycle 
Write ICCA igh- Write Cycle 


[Mode | Vag Ourent [owipat [eee 


Not Selected IsBi, IsB2 
Output Disabled ICCA es 
Read ICCA Read Cycle 
Write ICCA igh- Write Cycle 





ORDERING INFORMATION (Order by Full Part Number) 
62XX C X XX 


Motorola Memory Prefix Jo | _ Shipping Method (R2 = Tape & Reel, Blank = Rails) 
. tet ‘ate Speed (12 = 12 ns) 
Revision 


Package (P = 300 mil Plastic DIP, J = 300 mil SOJ) 


Full Part Numbers—-MCM6208CP12 MCM6208CJ12 MCM6208CJ12R2 
MCM6209CP 12 MCM6209CJ12 MCM6209CJ12R2 
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16K x 4 Bit Fast Static RAMs MCM6288C 


MCM6290C 


Pan 
Pan MEMORY MATRIX 


ROW 


256 ROWS x 
po DECODER 64 x 4 COLUMNS 
Pan 


Pos 
Pos 


MCM6288C 
P PACKAGE 
PLASTIC 
CASE 736A 


P PACKAGE 
300 MIL PLASTIC 
CASE 724A 


MCM6290C J PACKAGE 


300 MIL SOJ 


ro] 
COLUMN DECODER CASE 810A 


Ee EE 
COLUMN I/O | 
















AQ A2 A7 A8 AQ AIO MCM6288C 





Ww 
mcm6290 G 
ONLY 





Address Input Chip Enable 
Data Input/Output No Connection 
Write Enable +5 V Power Supply 
Output Enable Ground 





MCM6288C TRUTH TABLE (X = don’t care) 


[ w[ Mode | VeoGurrent | Outpat_] 
Xx 
H 
L 





Read Cycle 
Write Cycle 






Not Selected Ispi, IsB2 
Read ICCA 
Write ICCA 




















MCM6290C TRUTH TABLE (X = don’t care) 


Not Selected IsB1, IsBe 


Output Disabled ICCA — 
Read ICCA Read Cycle 
Write ICCA Write Cycle 








ORDERING INFORMATION (Order by Full Part Number) 


MCM 62XX C X XX XX 
Motorola Memory Prefix aa | oF 


| act 
| | \— Shipping Method (R2 = Tape & Reel, Blank = Rails) 
Part Number | 
Speed (10 = 10 ns 
Revision peer ns) 


Package (P = 300 mil Plastic DIP, J = 300 mil SOJ) 
Full Part Numbers—MCM6288CP10 = MCM6290CP10 MCM6290CJ10 







MCM6290CJ10R2 
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32K x 8 Bit Fast Static RAM MCM6206C 










AO 
Voc 
A3 
Vss 
A4 1 NP PACKAGE 
AG MEMORY MATRIX CRS TAGE: 
: 256 ROWS x 
A7 128 x 8 COLUMNS 
A8 
; al 
Alt ms 
300 MIL SOJ 
DQ0 : COLUMN 10 CASE 810B 
DQ7 COLUMN DECODER 
E A2 A5 A10 A12 A13 A14 Eons 
W 
G 


Address Input Chip Enable 

Data Input/Output +5 V Power Supply 

Write Enable Ground 
Output Enable 





MCM6206C TRUTH TABLE (X = don’t care) 


ae ee ee eee 


Not Selected IsB1, IsB2 
Output Disabled ICCA 
Read ICCA 
Write ICCA 

















Read Cycle 
Write Cycle 





ORDERING INFORMATION mae ey Full Part Number) 
6206 C X XX 


scl Prefix J] aT] | Shipping Method (R2 = Tape & Reel, Blank = Rails) 
Part Number | bs 
Revision Speed (15 = 15 ns) 


Package (NP = 300 mil Plastic DIP, NJ = 300 mil SOJ) 
Fuil Part Numbers—MCM6206CNP15 MCM6206CNJ15 MCM6206CNJ15R2 
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8K x 8 Bit Fast Static RAM _ MCM6264C 


P PACKAGE 
300 MIL PLASTIC 
CASE 710B 


MEMORY MATRIX 
ROW 256 ROWS x 
DECODER 32 x 8 COLUMNS 


~~ 


1 
NJ PACKAGE 
300 MIL SOJ 
CASE 810B 


COLUMN I/O 


COLUMN DECODER 


AQ Ai A6 A10 At2 PIN ASSIGNMENT 


PIN NAMES 


Address Input | E14 Chip Enable 

Data Input/Output No Connection 

Write Enable ; +5 V Power Supply 
Output Enable 





MCM6264C TRUTH TABLE (X = don’t care) 


Shee ee ae a 






























Not Selected Isp1, IsBe 
Not Selected Ispi, Ispe — 
Output Disabled ICCA — 
Read ICCA Read Cycle 





Write Write Cycle 


ICCA 





ecb INFORMATION (Order by Full Part Number) 
6264 C 1 XX a 
Motorola Memory Prefix = | Pf LL (| Estep Method (R2 = Tape & Reel, Blank = Rails) | 
val ae Speed (12 = 12 ns) | 
Package (P = 300 mil a DIP, NJ = 300 mil SOJ) 
Full Part Numbers—MCM6264CP12 MCM6264CNJ12 MCM6264CNJ12R2 
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32K x 9 Bit Fast Static RAM MCM6205C 


AO Pom 
| Voc 
A3 Pom 
Vss 
A4 Pome | | NP PACKAGE 
MEMORY MATRIX 
a ROW SE ROWS x 
A7 ac 128 x 9 COLUMNS 
AQ Poon 
A10 Peas 
Ait Pou 


300 MIL PLASTIC 
A6 CASE 853 





o 
eee ane "300 MIL SOJ 
300 MIL SOJ 
B00 + 7 EATS CASE 857 
Das - 







COLUMN DECODER 


A2 AS A8 Al2 A13 on 


PIN ASSIGNMENT 


Address Input | F1, Chip Enable 

Data Input/Output No Connection 

Write Enable +5 V Power Supply 
Output Enable 





MCM6205C TRUTH TABLE (X = don’t care) 


aN Eee ee ee 





























Not Selected IsBi1, Ispo 
Not Selected IsBi, Ispe — 
Output Disabled ICCA _ 
Read ICCA Read Cycle 





Write Write Cycie 


ICCA 





ORDERING INFORMATION oe - Full Part Number) 
MCM 6205 C X XxX 


Motorola Memory Prefix oi oe craenina Method (R2 = Tape & Reel, Blank = Rails) 
Part ii aaa 


Speed (15 = 1 
Revision tai : 5 ns) 


Package (NP = 300 mil Plastic DIP, NJ = 300 mil SOJ) 
Full Part Numbers—MCM6205CNP15 MCM6205CNJ15 MCM6205CNJ15R2 
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8K x 9 Bit Fast Static RAM MCM6265C 


P PACKAGE 
300 MIL PLASTIC 
CASE 710B 


MEMORY MATRIX 
ROW 256 ROWS x 
DECODER 32 x 9 COLUMNS 


- 


1 
NJ PACKAGE 
300 MIL SOJ 
CASE 810B 


COLUMN DECODER 


COLUMN I/O 


AO Ai AG AB A12 PIN ASSIGNMENT 


Address Input | E1 Chip Enable 

Data Input/Output +5 V Power Supply 

Write Enable . | Ground 
Output Enable 





MCM626S5C TRUTH TABLE (X = don’t care) 


ee ee eee ee ee 






















Not Selected IsB1, IsB2 
Not Selected Isp1, IsB2 — 
Output Disabled ICCA igh- = 
Read ICCA Read Cycle 


Write 





ICCA igh- Write Cycle 


oe INFORMATION ee by Full Part Number) 
6265 C X XxX 


Motorola Memory Prefix —l | ~ ES Saipting Method (R2 = Tape & Reel, Blank = Rails) 
Part Number 


-§ (i2=12 
Revision —————___ Pera or tele) 


Package (P = 300 mil ve DIP, NJ = 300 mil SOu) 
Full Part Numbers—MCM6265CP12 MCM6265CNJ12 MCM6265CNJ12R2 
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OUTPUT LOAD CONDITIONS 


INTRODUCTION 


This review describes the ac loading used for testing this 
family of parts. Component test engineers should pay careful 
attention to the test conditions and derating curves for devi- 
ations from the specified load. This information is also applica- 
ble for system engineers calculating required device speed for 
a given environment. This information will help the user make 
the appropriate choice of device performance for their needs. 

As device access times decrease, so do output transition 
times. With faster rise and fall times come additional problems 
associated with output and signal path impedances. In any 
system running at frequencies where the propagation delay of 
a signal path (tod) is greater than 1/2 of the total signal transi- 
tion time, transmission line effects will be seen on the signal. 
This results in overshoot and undershoot at the load end of a 
conductor, which can cause problems in testing, or in actual 
use of the device. This discussion gives a brief overview of the 
factors contributing to these effects, and the measures that 
canbe used to predict or eliminate them. For a detailed discus- 
sion of both PC board layout considerations and applicable 
transmission line theory, consult the MECL System Design 
Handbook, publication HB205R1, Motorola, Inc., 1983. 


DEFINITION OF TERMS 

tod Propagation delay in seconds 

Lo Inductance in henries/meter 

Co Capacitance in farads/meter 

Ri Load resistance in ohms 

RDS(on) Resistance from drain to source of a FET device 
when on 

Ro Output resistance in ohms. For CMOS devices, this 
is the RDS(on) resistance of the output devices. 

ROH Output resistance for a high, or “1”, signal from the 
device 

ROL Output resistance for a low, or “0”, signal from the 
device 

PL Reflection coefficient of the load end of a signal 

PS Reflection coefficient of the source end of a signal, 
the device output 

VL Termination voltage of the load resistor in a trans- 


mission line termination network 


TRANSMISSION LINE OVERVIEW 


What is a transmission line and how does it affect output 
waveforms? In simple terms, a transmission line is a signal 
path that exhibits a characteristic impedance. The type of lines 
discussed in this paper are primarily microstrip (Figure 2A) and 
stripline signal paths (Figure 2B) found in most PC boards 
today. The inductance and capacitance of these lines are a 
function of the line thickness and width in combination with the 
dielectric properties of the PC board material and the distance 
of the line from the ground plane. The impedance of the line is 
determined by these characteristics and the additional distrib- 
uted capacitance from other.devices on the line. 


t= 0.0015” for 1 oz Cu 
0.0030” for 2 oz Cu 


DIELECTRIC 


Figure 2A. Microstrip Signal Path 








h 





GROUND PLANE 
STRIP LINE. 


GROUND PLANE 


Figure 2B. Stripline Signal Path 


The characteristic impedance of a microstrip or stripline 
path is given by the formula Zp = V lo /Co. The propagation 
delay of the path, tod, istpq = V lo Co x length = Zo Co 
xlength. For example, the propagation delay of a 
microstrip line on G10 epoxy/glass material is approxi- 
mately 1.76 ns/ft, while the delay for a stripline is about 2.27 
ns/ft. 

The effect of a transmission line on a device output depends 
onthe electrical length of the line. In allcases, a signal traveling 
down the line will be affected at the end of the line if it is not ter- 
minated with a resistor of the characteristic impedance of the 
line. The amount of effect is determined by the reflection coeffi- 


cient of the load, p,, where: 


Ri - Zo) 
Ri +Zo 





pre ( (1) 


This reflection occurs at a time tpg after a change at the 
source of the signal. A similar reflection occurs at 2tpg after this 
new signal has returned from the load to the source, and is de- 


termined by the source reflection coefficient, ps, where: 


Ro- 0) 
Ro + Zo 





Ro is the output resistance of the device. In the case of an 
electrical line length with tpd less than 1/2 of the rise/fall time of 
the output signal, the transmission line effects are seen as a 
delay of the signal transition times. This is caused by the load 
reflection returning to the source during the actual signal tran- 
sition and being included in the duration of the signal. For the 
case of an electrical length with tpg greater than 1/2 of the rise/ 
fall time of the output signal, the reflection effects may be seen 
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directly. In severe cases, signal overshoot or undershoot can 
cause an invalid level to be seen at the load end at Stpd- 

The formulas for determining reflection coefficients require 
knowledge of the output impedance of the device, the charac- 
teristic impedance of the signal path, and the termination resis- 
tance. The goal of termination is to guarantee that the output 
signal at the receiving end (load) has enough margin to keep 
reflection effects from causing a false level to be detected. In 
an ideal case, the termination resistance is equal to the char- 
acteristic impedance of the line, and therefore, no reflection is 
generated at the load. In that one case, the impedance mis- 
match at the source is of importance only for signal rise time, 
VOH and VoL considerations. 

The effect of additional distributed capacitance on a trans- 
mission line is a reduction in impedance resulting in little 
change to tpg. This additional capacitance does, however, 
change the signal transition times resulting in a longer rise and 
fall time. 


OUTPUT BUFFERS 


The schematic drawing for a typical CMOS TTL output buff- 
er is shown in Figure 3A. Figure 3B shows the equivalent cir- 
cuit as actually implemented in many devices. The actual val- 
ues for ROH and Rol vary from design to design but the range 
of values is similar. 


OUT 





Figure 3A. Typical Output Buffer 





Vobp-VTN Vpp 
Rn 
RDS (on) 
100Q 
. OUT 
Row=Rp!! Rn N eaten 
DS (on) 
100 + 325 — Vss 


Figure 3B. Effective Circuit 


As can be seen from Figure 3, the output impedance of a 
TTL output buffer is different for high and low output signals. 
This relation, along with the choice of Vpp level, termination 
resistance, and voltage determine the output high and low lev- 
els the part will produce in the system. In adc condition with Ri 


= 50 Q = and V\ = 1.5 V, the output voltages would be: 


VoL = Vss + (VL-Vgs) (aaa) 


VoL =0V+(1.5V-0V) (__152_) 


16Q2+502 
VoL = 0.35 V | (3) 
Rp Rt 
VOH = V Vpp —- VL- VIN =——=— Sirens ae 
OH i+ (Vpp L TN Bs Fn) (aRon) 
325 Q 
VOH = 1.5.V+ (4.4V-1.5V-1.2V —————_ 
al ( ae 
( 50 Q ) 
50 2+ 76Q 
VOH = 2.33 V (4) 


TRADITIONAL TTL OUTPUT LOAD SPECIFICATIONS 

The output loading typically specified in the industry until 
now is shown in Figure 4A. The load consists of a resistor net- 
work and capacitance. The values for the network were cho- 
sen to present adcload of 8 mA during an output low condition 
(VOL < 0.4 V) and —4 mA for an output high (VOH 2 2.4 V).A 
5 V supply was chosen as the termination supply and a divider 
network was calculated to provide the specified currents. In 
addition, a lumped capacitive load of 30 pF was added to the 
output to represent input loading from other devices. In actual 
practice during testing, the load used is a Thevenin equivalent 
as shown in Figure 4B, with capacitance being provided by the 
50 2 transmission line connection to the test head and the test 
fixture capacitance. 


5V 


4802 
OUTPUT 


30 pF 2550 


Figure 4A. Typical TTL Load 


OUTPUT 





Rt = 1682 


VL=1.73V 


Figure 4B. Thevenin Equivalent Test Load 
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OUTPUT VOLTAGE (VOLTS) 


TIME (ns) 


Figure 5. Output Waveforms with 
Thevenin Equivalent Test Load 


The calculated performance of this setup would be that of a 
transmission line with a Zo of 50 2 terminated to an Ri of 168 .Q 
at a V, of 1.73 V. This would be py = (168 Q — 50 Q) / 
(168 Q + 50 Q) = 0.54. This means that the AV at the load 


would be 154% of the source AV. Using the example output 
buffer with Vpp = 5.0 V, the dc VoL would be 0.14 V and 


the incident VOH, using the 50 2 from Zo in place of Ri, would. 


be 2.67 V, giving a AV of 2.53 V. This means that for a low to 
high going signal at the source, at time tpg later, the load would 


go to VoL+ AV + (AV x 0.54), or 4.01 V. 

Figure 5 shows the actual measured waveform at the load 
end of a test fixture as described in Figure 4B. The tog of the 
signal path is measured using a TDR (time domain reflectome- 
ter) to be approximately 4 ns. Notice the reflection effects at 
each multiple of tpg on both waveforms. The actual measured 
waveforms differ from predicted results due to inductance in 
the ground and Vpp path of the device being tested. 

In a testing environment, the tpg is subtracted from the time 
measured to give the actual output delay of the device (access 
time). Because of this, the distortions at the device output are 
of no concern. The ringing at the load end, however, can cause 





OUTPUT 





RL=50Q 


Figure 6. New High Frequency AC Test Load 


severe problems when trying to accurately test the speed of 
the parts. In the past, the access time has been measured from 
some mid-level voltage which is centered between the high 
and low output swing. This has the effect of giving the most 
noise margin to ringing output signals. However, this maxi- 
mum noise margin does not guarantee that problems will not 
arise. 


NEW HIGH FREQUENCY AC TEST LOAD 


In order to properly test and guarantee the ac performance 
of these new fast static RAMs, it is necessary to change the 
conditions for ac loading to a load that will allow accurate eval- 
uation of the device parameters. Because of this, the specified 
ac load is now a transmission line terminated with a resistor of 
the characteristic impedance of the line to a load voltage (see 
Figure 6). 

The calculated performance of this load in a normal test en-. 
vironment wouldbe py = (50 Q — 50 Q) / (50 Q + 50 Q) = 0.0. 
This means that the AV at the load would be the same as the 
source AV with no signal reflection. 

As seen in Figure 7, using a transmission line terminated toa 
load supply through a resistor equal to the characteristic im- 
pedance of the line produces a load waveform which matches 
the source signal. Additionally, under ideal conditions, no re- 
flection effects are produced with this load. This results in the 
maximum possible noise margin for both test and system envi- 
ronments. In this test setup, power supply inductance causes 
some output noise which is seen at the load. 

Figures 8 and 9 are derating curves for calculating the ef- 
fects of varying Co and R_. These curves are based on typical 
device performance and are not intended to be absolute worst 
case specifications. 
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OUTPUT VOLTAGE (VOLTS) 





TIME (ns) 


Figure 7. Output Waveforms with High Frequency AC Test Load 





OUTPUT VOLTAGE (VOLTS) 





TIME (ns) 


Figure 8. Output Voltage as a Function of Ri 


QuickRAM Il, Page 19 





MOTOROLA MEMORY DATA 


7-160 


QuickRAM II 


Atr, Att, CHANGE IN 
RISE/FALL TIMES (ns) 





CAPACITIVE LOADING (pF) 


Figure 9. Change in Output Rise and Fall Times 
for Lumped Capacitive Loads 
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FAST STATIC RAM MODULES 
Motorola Address/ Operating 
Densit zation Number Packaging ns Max mA max nolog 
| ML eaiexs2 | 64 


20/25/30 | 1200/1120/1040] = HCMS | 
| HCMOS_— 
| 3M 2x64Kx24_|MCM2464Z | 58 ZIP 22/27 | 1680/1560 | HCMOS, 








MCM3264Z 
| 256Kx8 |MCM8256Z | = sg6O.”—tié~*CZIPC“‘(<$SC(‘SSCd;:C200/25/30. | 1200/1120/1040 
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TECHNICAL DATA 
MCM2464 


PIN ASSIGNMENT 


Product Pre VIEW 58 LEAD ZIG-ZAG IN-LINE MODULE 


2 x 64K x 24 Bit Static Random 
Access Memory Module 


The MCM2464 is a 3M bit static random access memory module organized as two 
banks of 65,536 words each with 24 bits. The module is a 58 lead zig-zag in-line mod- 
ule consisting of twelve MCM6208 fast static RAMs packaged in 24 J-lead small outline 
package (SOJ) and mounted on a board along with twelve decoupling capacitors. 

The MCM6208 is a high-performance CMOS fast static RAM organized as 65,536 
words of 4 bits, fabricated using high performance silicon-gate CMOS technology. Static 
design eliminates the need for external clocks or timing strobes, while CMOS circuitry 
reduces power consumption and provides for greater reliability. 

The MCM2464 is equipped with separate write enable (W1 and W2) and chip enable 
(E1 and E2) control inputs for each bank, allowing for greater system flexibility. The Ex 
input, when high, will force the outputs of bank x to high impedance. 


e Single 5 V + 8% Power Supply 

e Fast Access Time: 22/27 ns 

e Equal Address and Chip Enable Access Time 

e Three-State Outputs 

e Fully TTL Compatible 

e Power Operation: 1680/1560 mA Maximum, Active AC 
e High Board Density ZIP Module 


e Bank Operation: Two 64K x 24 Bit Banks with Separate Chip Enables and 
Write Enables 


e High Quality Multi-Layer FR4 PWB with Separate Internal Power and 
Ground Planes 


e Custom Marking Available 
e Incorporates Motorola’s State-of-the-Art QuickKRAM Fast Statics 





Address Inputs 
Bank Write Enable 
Bank Enables 

Data Input/Output 

+ 5 V Power Supply 





All power supply and ground pins must be 
connected for proper operation of the device. 


This document contains information on a product under development. Motorola reserves the right to change or discontinue this product without notice. 
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FUNCTIONAL BLOCK DIAGRAM 


DQ0-DQ3 


DQ4-DQ7 


DQ8-DQ11 


DQ12-DQ15 





DQ16-DQ19 —— 


DQ20-DQ23 
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MCM2464 


TRUTH TABLE 

This devices on this module contain 
circuitry to protect the inputs against 
damage due to high static voltages 
or electric fields; however, it is 
advised that normal precautions be 










L L Write Cycle taken to avoid application of any 
ee ea CCA : voltage higher than maximum rated 


only one bank may be enabled at any time. Enabling both banks simultaneously during aread will Circuits 
cause bus contention on the output pins. 













These CMOS memory circuits have 
been designed to meet the dc and ac 
specifications shown in the tables, 
after thermal equilibrium has been 
established. The module is in a test 
socket or mounted on a printed 
circuit board and transverse air flow 
of at least 500 linear feet per minute 
is maintained. 


ABSOLUTE MAXIMUM RATINGS (Voltages referenced to Vss = 0 V) 


Power Supply Voltage — 0.5 to 7.0 V 
TA 





Output Power Supply Voltage Vcoca -0.5 to Voc 
Voltage Relative to Vsg -0.5to Voc + 0.5 


Power Dissipation (Ta = 70°C, Voc = 5 V, oe | W 
IKHKH = 20 ns) 
oo aa a Te 


NOTE: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are exceeded. 
Functional operation should be restricted to RECOMMENDED OPERATING 
CONDITIONS. Exposure to higher than recommended voltages for extended periods of 
time could affect device reliability. 








DC OPERATING CONDITIONS AND CHARACTERISTICS 
(Voc = 5.0 V + 8%, Ta = 0 to + 70°C, Unless Otherwise Noted) 


RECOMMENDED OPERATING CONDITIONS (Voltages referenced to Vss = 0 V) 


ameter —*d Sim| 
[Symbol 












Input Low Voltage 





*ViL (min) = — 3.0 Vac (pulse width < 20 ns) 


DC CHARACTERISTICS 









in 
cm 
Tee | 
os 
a 
rp eskage Care (pis Vin=O10Vog)._ dg) | 
[Supuiieeane Curent 6 EF Vir Vou=O}VEG) dg) | 
cao 
oa 
aaa 
= 






AC Supply Current (G, Ex = Vit, lout = 0 mA, All Inputs = Vy = 0.0 V and Vip > 3.0) ICCA 
MCM2464-27: tayvay 2 27 ns 


MCM2464-22: tayay 2 22 ns 
Standby Current (Ex = Viq, All Inputs = Vj_ and Vip) IsBi 
CMOS Standby Current (Ex 2 Voc — 0.2 V, All Inputs 2 Voc — 0.2 V or < 0.2 V) | Igpe | 
Output Low Voltage (Io, = + 8.0 mA) 
| 


Output High Voltage (Ioy = — 4.0 mA) 
NOTE: Good decoupling of the local power supply should always be used. 
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CAPACITANCE (f = 1.0 MHz, dV = 3.0 V, Ta = 25°C, Periodically Sampled Rather Than 100% Tested) 


Characteristic 


Input Capacitance 





Input/Output Capacitance (DQ0—DQ24) 


AC OPERATING CONDITIONS AND CHARACTERISTICS 
(Vcc = 5.0 V + 8%, Ta = 0 to + 70°C, Unless Otherwise Noted) 


Input Timing Measurement Reference Level................ 1.5V Output Timing Reference Level............... 2... 0 eee eee 1.5V 


HMput Pulse Levels 4... caciwe lessee eeesoteedee ye eae « 0to3.0V Output Load ............ See Figure 1A Unless Otherwise Noted 
INDUL RIS@/Fall: TMG ac56 os snk tweed paced Lowes ocr eaewe 5ns 


READ CYCLE TIMING (See Notes 1 and 8) 


Parameter Standard | Alternate 
Read Cycle Time tAVAV 
Address Access Time tavaV 


Enable Access Time tELQV 


Enable Low to Output Active | 
Power Down Time | 





NOTES: 
1. Wis high for read cycle. 
. All read cycle timing is referenced from the last valid address to the first transitioning address. 
. At any given voltage and temperature, te H@Qz max is less than te_Q x min, both for a given device and from device to device. 
. Transition is measured + 500 mV from steady-state voltage with load of Figure 1B. 
. This parameter is sampled and not 100% tested. 
. Device is continuously selected E = Vj,. 
. Addresses valid prior to or coincident with E going low. 


. E1—E2 are represented by E in these timing specifications, only one of the Exs may be asserted. 


CON OH OB © P 


AC TEST LOADS TIMING LIMITS 


+5V The table of timing values shows either 
a minimum or a maximum limit for each 
Rp = 50Q 480 parameter. Input requirements are speci- 


fied from the external system point of view. 
Thus, address setup time is shown as a 
minimum since the system must supply at 
least that much time (even though most 
ene F devices do not require it). On the other 


255 T 
hand, responses from the memory are 
VL=t5V a SORE AN) specified from the module point of view. 
a Thus, the access time is shown as a maxi- 


mum since the module never provides 
Figure 1A Figure 1B data later than that time. 





OUTPUT 
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READ CYCLE 1 (See Note) 


A. tay 


tavaxX ————>| 


coxnoon | _revesonnan XXXXENY oan 


+ ' ayoy —————_» 


NOTE: Device is continuously selected (E = V, ). 


READ CYCLE 2 (See Note) 


$$ avav 


A (ADDRESS) 





w——_— le. gy, ——_ 


Ex (BANK ENABLE) 


naa teHaz 
XXXXA_Patavaun |) 


teHICCL 


Q (DATA OUT) 


taVQV 





'ELICCH 
Voc SUPPLY CURRENT 


Isp 








NOTE: Addresses valid prior to or coincident with E going low. 
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WRITE CYCLE 1 (W Controlled, See Notes 1 and 6), 


Parameter Standard | Alternate 


Write Cycle Time | tavav | two | 
Address Setup Time | tavwe | tas | 
Address Valid to End of Write | tavwH | taw 
Write Pulse Width l twiwH | twe | 
Data Valid to End of Write | tpvwwH | tow | 

| twz 


Write Low to Data High-Z tWLQz 
Write High to Output Active tWHQX | tow | 
Write Recovery Time tWHAX | tw 


NOTES: 
1. Awrite occurs during the overlap of E low and W low. 
2. All write cycle timing is referenced from the last valid address to the first transitioning address. 
. Transition is measured'+ 500 mV from steady-state voltage with load of Figure 1B. 
. This parameter is sampled and not 100% tested. 
. At any given voltage and temperature, tw_Qz Max is less than twHQ x min both for a given device and from device to device. 
. E1—E2 are presented by E in these timing specifications, only one of the Exs may be asserted at any time. 


| Alternate | 
Data Hold Time | twHpx | ton | 
t 





two 
tas 
taw 
twPe 
tow 
'DH 
twz 
OW 
tWR 


Ooh © 


WRITE CYCLE 1 


nme t AV AV 


t tWHAX 


Ex (BANK ENABLE) 
Wx (WRITE ENABLE) 
'AVWL iain 'WHDX 
onan RXRRKKKKKKKEKKKEKKKKK wavs | XXX 
'WHOX 
Q (DATA OUT) ao x XX) | (YYY) 
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WRITE CYCLE 2 (E Controlled, See Notes 1 and 5) 


Parameter 


Write Cycle Time 


Address Setup Time tAVEL 
Address Valid to End of Write tAVEH 


Enable to End of Write tELEH 


Enable to End of Write tELWH 


Write Pulse Width 
Data Valid to End of Write 
Data Hold Time 
Write Recovery Time 


NOTES: 
1. Awrite occurs during the overlap of E low and W low. 
2. All write cycle timing is referenced from the last valid address to the first transitioning address. 
3. If E goes low coincident with or after W goes low, the output will remain in a high impedance condition. 
4. If E goes high coincident with or before W goes high, the output will remain in a high impedence condition. 
5. E1—-E2 are represented by E in these timing specifications, only one of the Exs may be asserted at any time. 





WRITE CYCLE 2 


$$ t AVAV 





Ex (BANK ENABLE) 


tELEH 





tT AVEL ane UEHAX 
Wx (WRITE ENABLE) 
'WLEH ae 
conan XRKXXRKKKRIRKKXRRKKKKKKKKKKK ove an [KXRKKKKK 
~<a— ! EHDX 
Q (DATA OUT) HIGH-Z 
ORDERING INFORMATION 


(Order by Full Part Number) 


MCM 2464 x xx 


Motorola Memory ree ia | Speed (22 = 22 ns, 27 = 27 ns) 
Part Number Package (Z = ZiP Module) 


Full Part Number —- MCM2464Z22 MCM24642Z27 
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TECHNICAL DATA 





__MCM3264 


Product Preview — | PIN ASSIGNMENT 
64K x 32 5 it Static Random | . 64-LEAD ZIG-ZAG IN-LINE MODULE 
: TOP VIEW 
Access Memory Module ' 
PDO SS 
PD1 
The MCM3264 is a 2M bit static random access memory module organized pa4 


‘DQ5 
DQ6 


as 65,536 words of 32 bits. The module is a 64 lead zig-zag in-line module Dae 
consisting of eight MCM6209 fast static RAMs packaged in 28 J-lead small 4 


outline package (SOJ) and mounted on a printed circuit board along with a DQ DQ7 
decoupling capacitor for each FSRAM. Veo | AD 
The MCM6209 is a high performance CMOS fast static RAM organized as o- , AD 
65,536 words of 4 bits, fabricated using high performance silicon-gate CMOS A | on 
technology. Static design eliminates the need for external clocks or timing AS Y 
strobes, while CMOS circuitry reduces power consumption and provides for DQ8 DQI2 
greater reliability. DQg DQ13 
The MCM3264 is equipped with output enable (G) and four separate byte | DQI10 DQ14 
enable (E1—E4) inputs, allowing for greater system flexibility. The G input, pait | | DQ15 
when high, will force the outputs to high impedance. Ex high will do the same W- Vss 
for byte x. | AG 


A7 


A E2 


PDO and PD1 are reserved for density expansion. PDO is open and 
PD1 is connected to ground. These pins can be used to identify the 


density of the memory module. 





3 | E4 
e Single 5 V+ 10% Power Supply NC NC 
e Fast Access Time: 20/25/30 ns ‘ G 
e Equal Address and Chip Enable Access Time Ss D020 
e Three State Outputs bare } 
e Full TTL Compatible pat7 baa! 
e JEDEC Standard Pin Out pais Daze 
e Power Operation: 1240/1160/1080 mA Maximum, Active AC pa19 DQ23 
e High Board Density ZIP Module Ag AB 
e Byte Operation: Four Separate Chip Enables, One for Each Byte (Eight Bits) A10 
e High Quality Four Layer FR4 PWB with Separate Internal Power and Ground ove as 
Plane 
e Incorporates Motorola’s State-of-the-Art QuickRAM Fast Statics A14 Voc 
pas AIS 
DQ25 DQ28 
Da26 DQ29 
pa27 vee 





PIN NAMES | Vss 


Address Inputs | 
Write Enable | 
Output Enable | 
Byte Enables | 


Data Input/Output 
+5 V Power Supply | 


Package Density 
No Connection 





Ail power supply and ground pins must be connected for proper 
operation of the device. 


QuickRAM is a trademark of Motorola, Inc. 


This document contains information on a product under development. Motorola reserves the right to change or discontinue this product without notice. 
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FUNCTIONAL BLOCK DIAGRAM 


DQ0-DQ3 DQ0-DQ3 DQ16--DQ19 


A0-A15 


@)| 
G| 








EI E3 
4 
DQ8-DQ11 ee DQ24-DQ27 cS DQ0-DQ3 
i i = AQ—A15 
; eh a 
DQ4-DQ7 ey DpQ20-DQ23 j 
ae aime 
DQ12-DQ15 att ay Da0-Da3 DQ28-DQ31 | : eS 
[| AO-A15 sit 
sale aaie 
i mi ao 
@ ff 
i ae a 
a Gee eee 
bi Re et ee te ot 
AOQ-A15 
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MCM3264 









Vec Current | Output | 


x | x | NotSelected lispt. Igpe High-z | — | 




















| Symbol _ 
| Voc | 0570 | Vv | 
v 


Voc 
out _| 
Power Dissipation (Ta = 70°C, Voc = 5V, ze 1.5 
tavAV = 20 ns) | 
Temperature Under Bias 
010+ 70_ 
Storage Temperature 


NOTE: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are exceeded. 
Functional operation should be restricted to RECOMMENDED OPERATING 
CONDITIONS. Exposure to higher than recommended voltages for extended periods of 
time could affect device reliability. 


Operating Temperature 





The devices on this module contain 
circuitry to protect the inputs against 
damage due to high static voltages 
or electric fields; however, it is 
advised that normal precautions be 
taken to avoid application of any 
voltage higher than maximum rated 
voltages to these high impedence 
circuits. 


These CMOS memory circuits have 
been designed to meet the dc and ac 
specifications shown in the tables, 
after thermal equilibrium has been 
established. The module is in a test 
socket or mounted on a printed 
circuit board and transverse air flow 
of at least 500 linear feet per minute 
is maintained. 


DC OPERATING CONDITIONS AND CHARACTERISTICS 
(Vcc = 5.0 V + 10%, Ta = 0 to + 70°C, Unless Otherwise Noted) 


RECOMMENDED OPERATING CONDITIONS (Voltages referenced to Vss = 0 V) 





* Vit (min) = — 3.0 V ac (pulse width < 20 ns) 


DC CHARACTERISTICS 


Input Leakage Current (All Inputs, Vin = 0 to Voc) 


Output Leakage Current (G, Ex = Viv, Vout = 9 to Voc) hkg(O) 


AC Supply Current (G, Ex = Vin, 
All Inputs = Vy_ = 0.0 V and Viy4 2 3.0, 
lout = 0 mA, Cycle Times 2 tayay min) 


MCM3264-20: tayay = 20 ns 


MCM3264-285: tayay = 25 ns 
MCM3264-30: tayay = 30 ns 


Standby Current (Ex = Vi, 
All Inputs = Vi_ and Vj) 


MCM3264-20: tayay = 20 ns 
MCM3264-25: tayay = 25 ns 
MCM3264-30: tayay = 30 ns 


CMOS Standby Current (S1 = Voc - 0.2 V, SO $0.2 V, 
All Inputs > Voc — 0.2 V or £ 0.2 V) 


Output Low Voltage (Io, = + 8.0 mA) VOL 


Output High Voltage (loH = — 4.0 mA) 
NOTE: Good decoupling of the local power supply should always be used. 








Typ | Max | Unit | 
ae aes 
| - | se | mw, 
Pp — | of [|v | 
a eae eee 


CAPACITANCE (f = 1.0 MHz, dV = 3.0 V, Ta = 25°C, Periodically Sampled Rather Than 100% Tested) 





Characteristic 


Input Capacitance 


Input/Output Capacitance (DQ0—DQ31) 
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Input Timing Measurement Reference Level................ 1.5V 
Input Pulse Levels .............. 0c cece cece eee eee 0to3.0V Output Load ........... 
Input Rise/Fall TMG «ese eee eye eiws fate ea sens veds 5 ns 


AC OPERATING CONDITIONS AND CHARACTERISTICS 
(Vcc = 5.0 V + 10%, Ta = 0 to + 70°C, Unless Otherwise Noted) 


READ CYCLE TIMING (See Notes 1 and 2) 


Read Cycle Time 

Address Access Time 
Enable Access Time 
Output Enable Access Time 


Output Hold from Address Change 


Enable Low to Output Active 
Output Enable to Output Active 
Enable High to Output High-Z 


Output Enabie High to Output 
High-Z 


Power Up Time 
Power Down Time 


| tgrav | toe | 

taxQx | ton _| 
roe [oo 
fteuiccH | teu _| 


Parameter 


NOTES: 


1. 
. E1-E4 are represented by E in these timing specifications, any combination of Exs may be asserted. 
. All read cycle timing is referenced from the last valid address to the first transitioning address. 
. At any given voltage and temperature, te}Qz Max is less than te, Qx min, and tgHqz max is less than tgHQ x min, both for a given device 


& WN 


ano oO 





W is high for read cycle. 


and from device to device. 


. Transition is measured + 500 mV from steady-state voltage with load of Figure 1B. 
. This parameter is sampled and not 100% tested. 

. Device is continuously selected (E = Vi_, G = Viz). 

. Addresses valid prior to or coincident with E going low. 





AC TEST LOADS 
+5V 
Ry = 50 Q 480 
OUTPUT Q 
255 5 pF 
(INCLUDING 
Figure 1A Figure 1B 
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Output Timing Reference Level.............-......00000- 


1.5V 
See Figure 1A Uniess Otherwise Noted 





TIMING LIMITS 

The table of timing values shows either 
a minimum or a maximum limit for each 
parameter. Input requirements are speci- 
fied from the external system point of view. 
Thus, address setup time is shown as a 
minimum since the system must supply at 
least that much time (even though most 
devices do not require it). On the other 
hand, responses from the memory are 
specified from the module point of view. 
Thus, the access time is shown as a maxi- 
mum since the module never provides 
data later than that time. 





MCM3264 


READ CYCLE 1 (See Note) 


: , TAVAV 
tavaXx 
orm XXX oma 
tAVQV 
NOTE: Device is continuously selected (E = Vj, G = Vj,). 
READ CYCLE 2 (See Note) 


tAVAV 





A (ADDRESS) 


ae tELQV 
Ex (BYTE ENABLE) 





3 'EHOZ 

G (OUTPUT ENABLE) ae : 

\_—_—_—__— a 

| See oe 
Q (DATA OUT) a OX KX J DATA VALID = | 


t 
_ tEHICCL 
ice eee _'ELICCH 
Voc CC 
SUPPLY CURRENT iS 


NOTE: Addresses valid prior to or coincident with E going low. 
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WRITE CYCLE 1 (W Controlled, See Notes 1 and 2) 


[_Symbot___[_wewaase20 | wewaase25 | wowa2sa30_| 
, ities. eens re ee 


[WriteCycieTime | stavay | wo | 20 | — | 25 
[Write Pulse Width | town | twe | 15 


Write Pulse Width, G High tWLWH 


Data Valid to End of Write tp VWH tow 


| tow _| 


NOTES: 
1. Awrite occurs during the overlap of E low and W low. 
. E1—E4 are represented by E in these timing specifications, any combination of Exs may be asserted. G is a don’t care when W is low. 
. All write cycle timing is referenced from the last valid address to the first transitioning address. 
. Transition is measured + 500 mV from steady-state voltage with load of Figure 1B. 


. This parameter is sampled and not 100% tested. 
. At any given time voltage and temperature, twLQz max is less than twHaQ x min both for a given device and from device to device. 





aon &AGW MP 


WRITE CYCLE 1 





tAVAV 


tWHAX 


— 


Ex (BYTE ENABLE) 


W (WRITE ENABLE) 


tAVWL maa 'WHDX 
pyoaTainy KX XKXXAXAAAKKARAAAAA___atava | KX XXX 


tWLOZ 'WHOX 
Q (DATA OUT) HIGH-Z XXX ) OOOO 
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WRITE CYCLE 2 (E Controlled, See Notes 1 and 2) | 


. . Symbol 


Ww 
D 
DH 


[Gatavodtine | eux | tow 


NOTES: 
1. A write occurs during the overlap of E low and W low. 
2. E1—E4 are represented by E in these timing specifications, any combination of Exs may be asserted. G is a don’t care when W is low. 
3. All write cycle timing is referenced from the last valid address to the first transitioning address. 
4. If E goes low coincident with or after W goes low, the output will remain in a high impedence condition. 
5. If E goes high coincident with or before W goes high, the output will remain in a high impedence condition. 


t 
t 
t 
t 
| t 
t 





WRITE CYCLE 2 


tAVAV 


Ex (BYTE ENABLE) 


tAVEL lELEH 


tEHAX 
tELWH 


W (WRITE ENABLE) 


'WLEH 


KOO AAA 





EHDX 


AMX 









D (DATA IN) 


DATA VALID 


-'DVEH 





Q (DATA OUT) HIGH-Z 


ORDERING INFORMATION 
(Order by Full Part Number) 


MCM 3264 x XX 


Motorola Memory ere (a Speed (20 = 20 ns, 25 = 25 ns, 30 = 30 ns) 


Part Number | Package (Z = ZIP Module) 
Full Part Number — MCM3264Z20 MCM3264Z25 MCM3264Z30 
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TECHNICAL DATA 
MCM8256 


Product Preview PIN ASSIGNMENT 
256K x 8 Bit Static Random aN aaa 
Access Memory Module 


The MCM8256 is a 2M bit static random access memory module organized 
as 262,144 words of 8 bits. The module is a 64-lead zig-zag in-line package 
(ZIP) consisting of eight MCM6207 fast static RAMs packaged in 24 J-lead 
small outline package (SOJ) and mounted on a printed circuit board along with a 
decoupling capacitor for each FSRAM. 

The MCM6207 is a high performance CMOS fast static RAM organized as 
262,144 words of 1 bit, fabricated using high performance silicon-gate CMOS 
technology. Static design eliminates the need for external clocks or timing 
strobes, while CMOS circuitry reduces power consumption and provides for 
greater reliability. 

The MCM8256 is equipped with separate chip enable (E1—-E2) control 
inputs for each nibble, allowing for greater system flexibility. The Ex input, 
when high, will force the outputs of nibble x to high impedance. 

PDO and PD are reserved for density expansion. PDO is open and 
PD1 is connected to ground. These pins can be used to identify the 
density of the memory module. 


e Single 5 V + 10% Power Supply 

e Fast Access Time: 20/25/30 ns 

e Equal Address and Chip Enable Access Time 

e Three State Outputs 

e Full TTL Compatible 

e JEDEC Standard Pin Out 

e Power Operation: 1200/1120/1040 mA Maximum, Active AC 

e High Board Density ZIP Module 

e Nibble Operation: Two Separate Chip Enables, One for Each Four Bits 

e High Quality Multi-Layer FR4 PWB with Separate Internal Power and Ground 
Planes 

e Custom Marking Available 

e incorporates Motorola’s State-of-the-Art QuickRAM Fast Statics 





Address Inputs 
Write Enable 

Byte Enables 

Data Input/Output 

+ 5 V Power Supply 


Package Density 
No Connection 





All power supply and ground pins must be connected for proper 
operation of the device. 


QuickRAM is a trademark of Motorola, Inc. 


This document contains information on a product under development. Motorola reserves the right to change or discontinue this product without notice. 
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FUNCTIONAL BLOCK DIAGRAM 


Q1 


D1 


QO 


DO 


Q3 
Q5 
Q7 


sr) Ye) ~ 
[= a Qa 
N x ,e) 
(S) o o 





a ras ra I= | 








A0-A17 
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MCM8256 TRUTH TABLE 


rex Ww [Wea Gurent | _tapot | Output | cyete | 













eats 
L L Write ICCA Din High-Z Write Cycle 
pe fe | write | toca | in | High | Write Cycie _| 









Power Supply Voltage 


Vee 
Voltage Relative to Vgg -0.5to Voc + 0.5 
Output Current (per I/O) | tout | +20 m 


i 

| : V 
Power Dissipation (Ta = 70°C, Voc = 5 V, ee 
tavay = 20 ns) 

Operating Temperature 


NOTE: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are exceeded. 
Functional operation should be restricted to RECOMMENDED OPERATING 
CONDITIONS. Exposure to higher than recommended voltages for extended periods of 
time could affect device reliability. 


The devices on this module contain 
circuitry to protect the inputs against 
damage due to high static voltages 
or electric fields; however, it is 
advised that normal precautions be 
taken to avoid application of any 
voltage higher than maximum rated 
voltages to these high impedence 
Circuits. 


These CMOS memory circuits have 
been designed to meet the dc and ac 
specifications shown in the tables, 
after thermal equilibrium has been 
established. The module is in a test 
socket or mounted on a printed 
circuit board and transverse air flow 
of at least 500 linear feet per minute 
is maintained. 


DC OPERATING CONDITIONS AND CHARACTERISTICS 
(Voc = 5.0 V + 10%, Ta = 0 to + 70°C, Unless Otherwise Noted) 


RECOMMENDED OPERATING CONDITIONS (Voltages referenced to Vss = 0 V) 


Parameter 






Symbol 





Supply Voltage (Operating Voltage Range) Vo 


| Input High Voltage 
Input Low Voltage 


* Vit (min) = — 3.0 V ac (pulse width < 20 ns) 


C 
ViH 
Vib 
DC CHARACTERISTICS 


Symbol 


Input Leakage Current (All Inputs, Vin = 0 to Vcc) ikg({) 


Output Leakage Current (E1 and E2 = Viy, Vout = 9 to Voc) likg 


~-—_ 


O) 
AC Supply Current (E1 and E2 = Vy, 


All Inputs = Vip = 0.0 V and Vypy 2 3.0, 
lout = O mA, Cycle Times 2 tayay min) 


MCM8256-20: tayay = 20 ns 
MCM8256-25: tayvay = 25 ns 
MCM8256-30: tayay = 30 ns 
Standby Current (E1 and E2 = Vj, All Inputs = Vj. and Vyy) 


CMOS Standby Current (Vcc = Max, f = 0 MHz, Ispo 
E2Vcc — 0.2. V, Vin < Vsg + 0.2 V or 2 Voc — 0.2 V) 


Output Low Voltage (loy = + 8.0 mA) VOL 


Output High Voltage (loy = — 4.0 mA) VIH 
NOTE: Good decoupling of the local power supply should always be used. 


| Min | 
45 
2.2 


n QO 
quand 
7 > 





CAPACITANCE (f = 1.0 MHz, dV = 3.0 V, Ta = 25°C, Periodically Sampled Rather Than 100% Tested) 


Characteristic 
W and Address 
E1-E2 
DO—D7 


Input Capacitance 





Input/Output Capacitance 
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AC OPERATING CONDITIONS AND CHARACTERISTICS 
(Vcc = 5.0 V + 10%, Ta = 0 to + 70°C, Unless Otherwise Noted) 


Input Timing Measurement Reference Level................ 1.5V Output Timing Reference Level..................0... 008s 1.5V 
INDULPUISO:LOVGIS: «hv rsyo nied eevee tei sae Oty 0to3.0 V Output Load ............ See Figure 1A Unless Otherwise Noted 
Input Rise/Fall THMNG 4o5cieR deeded tit a tea eh wanes nteaaeey 5ns 


READ CYCLE TIMING (See Notes 1 and 2) 


Symbol mcMs256-20 | MCMs256-25 | MCM8256-30 
Parameter 


Standard | Alternate 
Read Cycle Time tAVAV 20 | 
Address Access Time tAVQV 
'OH 
Pu 





| Min | 
ee 
= 
tacs_ | — | 
[Output Hold from Address Change | taxax | ton | 4 _| 
[Enable Low toOutputActive | terax | tciz | 4 
JEnable High to Output HighZ_ | tenaz | tcuz | 0 | 
= eee eee 

Power Down Time tence. | ten | —_| 
NOTES: 

1. Wis high for read cycle. 

. E1-E2 are represented by E in these timing specifications, any combination of Exs may be asserted. 
. All read cycle timing is referenced from the last valid address to the first transitioning address. 
. At any given voltage and temperature, tEyQz Max is less than te_Q x min both for a given device and from device to device. 
. Transition is measured + 500 mV from steady-state voltage with load of Figure 1B. 
. This parameter is sampled and not 100% tested. 


. Device is continuously selected (E = Vj,). 
. Addresses valid prior to or coincident with E going low. 












On DO Of WD PP 


AC TEST LOADS TIMING LIMITS 
, +5V The table of timing values shows either 
a minimum or a maximum limit for each 
Rp = 50Q 480 parameter. Input requirements are speci- 


fied from the external system point of view. 
Thus, address setup time is shown as a 
minimum since the system must supply at 
least that much time (even though most 
255 SpF devices do not require it). On the other 


OUTPUT 





OBLONG JIG) hand, responses from the memory are 
specified from the module point of view. 
Thus, the access time is shown as a maxi- 
= mum since the module never provides 
Figure 1A Figure 1B data later than that time. 
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READ CYCLE 1 (See Note) 





TAVAV 
tAVaX 
ojomroun [Prenousoaro XXXXKX) ona 
taVaV 
NOTE: Device is continuously selected (E = Vj, ). 
READ CYCLE 2 (See Note) 
TAVAV 
A (ADDRESS) 
= tELQV 
Ex (BYTE ENABLE) 
tELOX (EHQZ 
V/\/V/ 
avonnoun OXXKK__ewawaio |} 
rae eee aa oe 


tEHICCL: 
ce eS eS 


Voc 
SUPPLY CURRENT Ig 


NOTE: Addresses valid prior to or coincident with E going low. 
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WRITE CYCLE 1 (W Controlled, See Notes 1 and 2) - 


| _ Symbol |_ McMa256-20 | McMe256-25 | MCM8256-30 

Parameter 
Write Cycle Time | tavav | two | 20 
Address Setup Time | tavwe | tas 2 


WC 
Address Valid to End of Write taVWH 

WP 

D 


Data Valid to End of Write 
Data Hold Time 
Write Low to Data High-Z 
Write High to Output Active 4 


Write Recovery Time | twHax | twa | 0 | 
NOTES: 





| Min | Max | Min | 

wo | 20 | — | 2 | 

oe Se 

mw | 1 | — | 20 | 

Write Pulse Wiath twwH | we | 2 | — | 15 
tw | 8 | — | 10 | 

a aoe 

eee ee ee 

kee 

ea 


1. A write occurs during the overlap of E low and W low. 

2. E1—E2 are represented by E in these timing specifications, any combination of Exs may be asserted. 
3. All write cycle timing is referenced from.the last valid address to the first transitioning address. 

4. Transition is measured + 500 mV from steady-state voltage with load of Figure 1B. 
5 
6 


. This parameter is sampled and not 100% tested. 
. At any given time voltage and temperature, twtQz max is less than twHQ x min both for a given device and from device to device. 


WRITE CYCLE 1 


tAVAV 





tWHAX 


Ex (BYTE ENABLE) 


W (WRITE ENABLE) 


AVWL ia 'WHDX 
pyoaTas) KXXKKXAXAMMAKAKAMMAKAA___Datavauo | KK XXX 
twLaz tWHOX 


Q (DATA OUT) HIGH-2 XXX) (YYY) 
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WRITE CYCLE 2 (E Controlled, See Notes 1 and 2) 


Symbol! MCM8256-20 MCM8256-25 MCM8256-30 
Parameter Standard | Alternate 
Write Cycle Time tAVAV t 


WC 
AS 
C 
C 


. 
: 


Data Valid to End of Write tDVEH 
t 


D 
Data Hold Time tEHDX DH 
Write Recovery Time tEHAX twR 


NOTES: 
1. Awrite occurs during the overlap of E low and W low. 
2. E1—E2 are represented by E in these timing specifications, any combination of Exs may be asserted. 
3. All write cycle timing is referenced from the last valid address to the first transitioning address. 
4. If E goes low coincident with or after W goes low, the output will remain in a high impedence condition. 
5. If E goes high coincident with or before W goes high, the output will remain in a high impedence condition. 





WRITE CYCLE 2 


tTAVAV 





Ex (BYTE ENABLE) 


tAVEL 'ELEH 


tEHAX 
lELWH 


W (WRITE ENABLE) 


tWLEH 


proaany XXX 





Q (DATA OUT) HIGH-Z 


ORDERING INFORMATION 
(Order by Full Part Number) 


MCM 8256 x XX 
Motorola Memory eal. | ee Speed (20 = 20 ns, 25 = 25 ns, 30 = 30 ns) 


Part Number : Package (Z = ZIP Module) 


Full Part Number — MCM8256Z20 MCM8256Z25 MCM8256Z30 
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APPLICATION SPECIFIC STATIC RAMs 


Motorola Address/ Operating 
Organi- Part Cycle Time Current Tech- | 
__ Description zation Number Packaging ns Max mA_max nology | 
[Cache Tag RAM | 4Kx4__| | 24/22 |300 mil SOJ/PDIP] 18/20/25 | 140 | _HCMOS | 
Cache Tag RAM m4 Lees 300 mil SOJ/PDIP ee Be Go 
with Status Bit 
Registers |_24 {300 mil SOJ/PDIP] 18/20/25 | 140 | -HCMOS | 
iad | 28 | p40 
Ee AO 2 
| 140 |: HOMOs | 
|__300 mil sou [15/20 [170 HMOs | 


__140___ | Hemos | 
| HCMOS | 
| 300 mil Sol f 14/15 | 170 CMOS | 
| HCMOS | 
| HCMOS | 
| HCMOS | 













300 mil SOJ/PDI 25/30 


S/Sl/Sl/SiS]/=S] SIE 
QPOLOJOJOIO OO 
SjS/S/SIS/=} Siz 
aid hahaa 
BgRR8I8| sls 
myo = © 


P 
| 28 {300 mil SOW/PDIP] 20/25 
| 28 
rm 
e2_ | 28 | 
McMe2z990_| 52 | picc_ {17/20 | 360 
2 | 32 | 300 mil SOU | 15/20 | 170 
pe 
| 44 
| 44 
| 44 
Paws 


= 
QO 
= 
a 
nD 
se) 
00 


=|= 
O1O 
Ck 
D | 
M1 
O}O 
0 |co 
© | G9 


300 mil SOJ 12/15 | 170/130 
4Kx10 18/20/25 | 170 


4Kx12 


18/20/25 






28 
Pp 
32 j 

| | HCMOS | 
| 44 i] PLCC. COT:s«s48/20/25 | == 170 | HCMOS | 
25/30 | 170 _—*| HOMOS | 
32Kx9 p44 [  PlCC CT 19/24 | 250 | ~HCMOS | 
rpLCC. | 20/25 | 250 | HOMOS | 
| 44 pice 17/20/25 | 180 |: HCMOS | 
| | 44 | PLCC | 19/24 ~| 250 __—{ HCMOS | 
| | 15/20 | 250 | HCMOS | 
DSPRAM 8Kx24 |MCM56824 25/30/35 |250/210/180| HCMOS | 
Latched Address| 8Kx20 [MCM62820 23/30 240/185 | HCMOS | 


SRAM 16Kx16 |MCM62995 17/20/25 


=S(/S/S/=/S/S/E 
QOLOLOIOJOLOIO 
=S|/SIS/SISISIE 
Dd | > [D> [Dd 1D |B | 
RO 199 1P9 179 [P91 [PO 
HIO/O]O]O/O1O 
DIDIAIS|rIN IS 
HM/O/OlO lam] s | 





= 
(2) 
= 
ro 
Bri 
° 
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MOTOROLA 
TECHNICAL DATA 


4K x 4 Bit Cache Address Tag 
Comparator 


The MCM4180 is a 16,384 bit cache address tag comparator organized as 4096 tags of 4 
bits, fabricated using Motorola’s high-performance silicon-gate CMOS technology. The de- 
vice integrates a 4K x 4 SRAM core with an on-board comparator for efficient implementa- 
tion of a cache memory. 

The device has a CLR pin for flash clear of the RAM, useful for system initialization. 

The MCM4180 compares RAM contents with current input data. The resuit is either an 
active high MATCH level for a cache hit, or an active low level for a cache miss. 

The MCM4180 is available in 22 lead plastic DIP and 24 lead SOJ packages. 












@ Single 5V +10% Power Supply 
@ Fast Address to MATCH Time: 18/20/22/25 ns max 
@ Fast Data to MATCH Time: 10/10/10/12 ns max 
@® Fast Read of Tag RAM Contents: 20/22/25/30 ns max 
® Flash Clear of the Tag RAM (CLR Pin) 
@ Pin and Function Compatible with MK41H80 
BLOCK DIAGRAM 
ROW 
AO-A6 J ADDRESS J MEMORY 
BUFFER MATRIX 
128 ROWS 
aR x 128 COLUMNS 
BUFFER | 
WRITE 
BUFFER 
se Le 
i BUFFER COMPARATOR 
DQ0-D003 
OUTPUT COLUMN 
6 ENABLE 
BUFFER 
5 OLUMN 5 
A7-A11 - ADDRESS 
BUFFER 


Address Inputs 
Write Enable 
Output Enable 
Flash Clear Input 


MATCH (Hit) Output 
Data Input/Output | 
+5 V Power Supply 


No Connection 
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P PACKAGE 
PLASTIC 
CASE 736A 


J PACKAGE 
300 MIL SOJ 
CASE 810A 


PIN ASSIGNMENT 


DUAL-IN-LINE 


13 L] MATCH 








MCM4180 


TRUTH TABLE 


Fe DE a a 


Compare 
Write 
Read 


This device contains circuitry to protect the 
inputs against damage due to high static 
voltages or electric fields; however, it is ad- 
vised that normal precautions be taken to 
avoid application of any voltage higher than 
maximum rated voltages to this high imped- 
ance circuit. 


















Power Supply Voltage | Vcc | -0.5 to +7.0 


Voltage Relative to Vss for Any Pin Vin/Vout | —0.5 to Vcc +0.5 
Except Vcc 
Output Current MATCH Output owes 
+20 


1/O Pins, Per 1/O 


[Power Disipation Ta=25rc) | Pp | 1.0——~«dY—Sw 
Come 
tea 








Operating Temperature [oe + | =e 


NOTE: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are 
exceeded. Functional operation should be restricted to RECOMMENDED OPER- 
ATING CONDITIONS. Exposure to higher than recommended voltages for extended 
periods of time could affect device reliability. 


DC OPERATING CONDITIONS AND CHARACTERISTICS 
(Vcc =5.0 V +10%, TA =0 to 70°C, Unless Otherwise Noted) 


RECOMMENDED OPERATING CONDITIONS (Referenced to Vss =0 V) 


Supp Voage (Operating Vokage Range) ——SS*d cg 
rpallignNehags = sg 
[input Low votage i 


*Vi_ min= —0.5 V de; Vi_ min= —3.0 V ac (pulse width <20 ns) 


















DC CHARACTERISTICS 


Symbol 
input Leakage Curent (Al Inputs Vin=0t0 Voc) gy 
output Leakage Curent, Except MATCH Output (@=Vins Vour=Oto Voc) | Ingioy 
F Output Low Voltage (/0 Pins: Io, =8.0 mA, MATCH Output: ig, =12.0ma) | Vou 
T Vvon 


Output High Voltage (I/O Pins: lIoy = —4.0 mA, MATCH Output: IoH = — 10.0 mA) 


*Icc active current for the clear cycle exceeds this specification. However, this is a transient phenomenon and will not affect the power 
dissipation of the device. Good decoupling of the local power supply should always be used. 













CAPACITANCE (f=1.0 MHz, dV=3.0 V, Us 25°C, Periodically Sampled Rather Than 100% Tested) 


a 
ee 
MATCr Output Capacitance | Cmatch | 6 | 7 | pF 
















MOTOROLA MEMORY DATA 


9-4 


MCM4180 


AC OPERATING CONDITIONS AND CHARACTERISTICS 
(Vcc = 5V +10%, Ta=0 to +70°C, Unless Otherwise Noted) 


Input Timing Measurement Reference Level .......... 15V Output Timing Measurement Reference Level ......... 1.5V 
Input Pulse Levels .......... 0.02.0 e enna 0 to 3.0 V Output Load (1/O Pins) ..............0.-. See Figure 1a 
Input Rise/Fall Time... ........2. 2.00 eee ee eee 5 ns Output Load (MATCH Output)............. See Figure 1c 












READ CYCLE (See Note 1) 

ee tan Me Moa meme et 
[Standard azar [ | [a or] | "= 
Co eae a Ae A SAN WE 


[Address Access Time | tavav | tam | - | 20 | - | 2 | - {| - |» | ow | 













igh to Outut ghz | touaz | torr — 
iwetraiiet uml feleteleletole tele] — 


NOTES: = 
1. CLR=Viy, W=Viy continuously during read cycles. 


2. Transition is measured +500 mV from steady state voltage with load of Figure 1b. This parameter is sampled and not 100% tested. 












READ CYCLE 
(ADDRESS CONTROLLED) G6 (CONTROLLED) 
tAVAV tAVAV 
tavay tavoVv 
& (OUTPUT ENABLE) G=yy) 
ioe bat i bias 
us 
Q (DATA OUT) Mice eXXXKX DATA VALID o———= HIGH-Z : {pata vauo VALID 
MATCH (ASSERTED) 
AC TEST LOADS 
+5V +5V +5V 
481 481 305 
Qa Q MATCH 
255 30 pF 255 5 pF 130 50 pF 
(INCLUDING (INCLUDING (INCLUDING 
SCOPE AND JIG) SCOPE AND JIG) SCOPE AND JIG) 
Figure 1a Figure 1b Figure 1c 
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COMPARE CYCLE (See Note 1) 

















|___Symbol_| Mcma180-18 | mcMm41e0.20 | MCM4180-22 | MCM4180-25 
[Standard | Aiternate| Min | Max | Min | Max | Min | Max | Min | Max | 
[Compare Cyclo Time | tavay | tc | 2 | - | 2] - | wo] -~ | of] - [oo] 
[Address Valid to MATCH Vaid | tavmv | taca | ~ | 18 | — | 20 | - | 2 | ~ | 25 | ns | 
[GHighto MATCH Vaid | tam | teca | ~ | 15 | - | 6 | - | 6 | ~ | 8 | ns | 
[Data Valid to MATCH Vaid | tpvmv | toca | — | 10 | - | wo | ~ | | - | 2 | ns] | 
MATCH Hold fromG Low | tgumx | tc | 0 | 10 | o | to | o | | o | 2 | ns | | 
MATCH Hold from Address Change_| taxmx | taco | 6 | — | 6 | - | 6 | - | 5 | ~ | ns | | 
MATCH Hold from Data invalid | toxmx | tocn | 3 | - | 3 | - | 3 | - | 3 | ~ | ns | | 
Glow to Outputacive | taox | uz | 3 | - | 3 | - | 5 | ~ | 6 | ~ | mw | 2 | 
[SHigh to Output HighZ | tgoz | tz | - | 8 | ~ | @ | - | 8 | - | 0 | me | 2 


NOTES: 
1. A compare cycle is performed when CLR, W, and G are all high. . | 
2. Transition is measured +500 mV from steady state voltage with load of Figure 1b. This parameter is sampled and not 100% tested. 


Characteristic 





COMPARE CYCLE 
(ADDRESS CONTROLLED) (G CONTROLLED) 
tAVAV 


tAVMV tAXMX 
G (OUTPUT ENABLE) 


(G =Vjy) 
| 9 | toVMV tOXMX | 
oan XYXXKK ocr wan KY 6 ae 





Q (DATA OUT) 


MATCH 





ODOR tirana XX KAKA 7 
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WRITE CYCLE (See Note 1) 










| Symbol__| Mcmei80-18 | mcMa190.20 | mcMm41e0.22 | MCM410.25 | 
Se ooo 
tavav | two | 2 | — [| 2 | - | 2 | - | 9% | - | os | 
[Write Pulse Width | twin | twew | 12 | — | 4 | — | is | — | 2 | - | ins | | 
[Address Setup to Beginning of Write | aww. | tas | 0 | - | o | ~ | o | ~ | o | - | os] | 
[Address Valid to End of write | tavwn | aw | 16 | — | 16 | ~ | 18 | - | 2 | - | ns] | 
[Data Valid to End of Write | tovwn | tos | to | - | wo | ~ | w | — | 2 | - | ns | | 
[Write Low to OutputHigh2 | twuz | tz | o | 8 | o | 8 | o | 9 | o | | ns | 2 | 
twiax | tway | o | - | o | - | o | ~ | o | - | os | | 
twiemx | won | 0 | 2 | o | 1 | o | 5 | o | 6 | ns | | 
twamv | twa | ~ | 20 | — | 2 | ~ | 2 | - | 2 | ns | 
[Write High to Output Active | twuax | uz | 3 | - | 3 | - | 5 | - | 5 | - | ms] 2 | 


NOTES: 
1. A write occurs during the overlap of W low and CLR high. 
2. Transition is measured +500 mV from steady state voltage with load of Figure 1b. This parameter is sampled and not 100% tested. 



















WRITE CYCLE 





(FROM A READ CYCLE) (FROM A COMPARE CYCLE) 
tAVAV TAVAV 
G (OUTPUT ENABLE) 
W (WRITE ENABLE) 
tDVWH tDVWH tWHDX 


sane 1-4 oom — SXXXKXOK ere KY 


tWLaz 
Q (DATA OUT) HIGH-Z 


MATCH (ASSERTED) 


MATCH VALID 
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CLEAR CYCLE (See Note 1) 













eee Seger MeN, Mew {meen 22 eM ez une | Nts 
stank Standard attermate| Min | Mx | Min | Mex | Min | Max | Min fits 


CLR Low to Inputs Recognized tcR 
tcR 
tCR 
ota 


(Clear Cycle Time) 
| tcp 


tcx 

tcx 

tcx 

a 
CLR Low to MATCH Assert tCLMX 


See ae ok eo NR ON A 9 A ON 


NOTES: 
1. The address, data, W, and G inputs are a don’t care during a clear cycle. 
2. The clear cycle is initiated at the falling edge of CLR. 
3. Transition is measured +500 mV from steady state voltage with load of Figure 1b. This parameter is sampled and not 100% tested. 






CLEAR CYCLE 


(FROM A READ CYCLE) (FROM A COMPARE CYCLE) 


tCLAX aa tCLAX 












A (ADDRESS) 
tCLAV , 
tCLGX : — 
G (OUTPUT ENABLE) S/S // Lf (G=Viy) 
tcLev 
tCLCH tCLCH 
CLR (CLEAR) 
tCLWX . tcLwx 
nea Pk YV\\\\\ \ 
t 
tCLWV CLWV 
tcLDX 
D (DATA IN) UL YA/ AVS Y 
I\LV\LV\LALNANLNS 
| tCLDV ty 
tcLaz 
G (DATA OUT) HIGH. 2—_—————nnne HUGH - Zea 
MATCH (ASSERTED) MATCH VALID 
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CTT, 
TAT 








CCE ENE 
CEEEEETERE 


(G3Z11VWHON) LN3HHND AlddNS 3AILIV ‘¥99) 


Ta, AMBIENT TEMPERATURE (°C) 


Voc, SUPPLY VOLTAGE (VOLTS) 


Figure 3. Active Supply Current versus Temperature 


Figure 2. Active Supply Current versus Supply Voltage 








NEREEREREED 
BNGRERRREEP 
PT NET TTT? 
REGMRREERRF 
BRREKUREEED 
Bee Ne he 
TTT NTT 
TTT, 
TTT TT TN | 





(Q3Z/WAYON) 3WIL SS399¥ ‘AWAY, 


TTT TT TT YT)" 


(G4ZNVAWYON) LN3YHND AlddNS JAI ‘VID; 


MATCH LOAD = 


tavav, CYCLE TIME (ns) 


Figure 5. Address to MATCH Access Time versus 
MATCH AC Test Load Capacitance of Figure 1c 


Figure 4. Active Supply Current versus Cycle Time 


NTT TTT TT? 





es ee a a 


RESERER LHX 
THI 


(G3ZNWWHON) 3WIL SS3I09V ‘AWAY, 


Ta, AMBIENT TEMPERATURE (°C) 


Vcc, SUPPLY VOLTAGE (VOLTS) 


Figure 7. Address to MATCH Access Time versus 


Figure 6. Address to MATCH Access Time versus 


Temperature 


Supply Voltage 
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SSIRRRRCRE 
INE EL 
BEENEEEEEEP 





Ce 
HII, 








aannnnATall 
SERDSRE 128" 
BRREEEERE 






va N = 2° o 7 


(GAZNIWWHON) JWIL SSI99y ‘AWA, 





NUTT TTT Ty 


Ta, AMBIENT TEMPERATURE (°C) 


Vcc, SUPPLY VOLTAGE (VOLTS) 


| Figure 8. Data to MATCH Access Time 


Figure 9. Data to MATCH Access Time 


versus Temperature 


versus Supply Voltage 








BNERERREEE 
SRUREREEEE 
Se eat ile 
BEA SEERRERD 
PITT NT TTT, 
EASSEeERG, 


fi eee aaa 








(G3ZIVWHON) 3WIL SS399¥ ‘ADT9; 








Ta, AMBIENT TEMPERATURE (°C) 


Vcc. SUPPLY VOLTAGE (VOLTS) 


Figure 11. Output Enable to MATCH Access Time 


Figure 10. Output Enable to MATCH Access Time 


versus Temperature 


versus Supply Voltage 


150 





SOSSRRREREE 
BRESOSRRRSE 


CCT 
Corry, 
SSRG0/0000 
SERnVAnnEE 

a is 


(G3ZNVWHYON) HOIH 3LINM OL MOT 3LIUM ‘HMIM, 


Ta, AMBIENT TEMPERATURE (°C) 


Yess SUPPLY VOLTAGE (VOLTS) 


Figure 13. Write Pulse Width versus Temperature 


Figure 12. Write Pulse Width versus Supply Voltage 
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CTT TV. 
RAL EE 


(G3ZI1VWHON) 3LIMM 40 ON] OL GIA viva ‘HMAG, 





Ta, AMBIENT TEMPERATURE (°C) 


Vcc. SUPPLY VOLTAGE (VOLTS) 


Figure 15. Data Setup Time versus Temperature 


Figure 14. Data Setup Time versus Supply Voltage 


CHEECH, 
TTT TNT TT? 
HH HEH, 





(G3Z11VWHON) JOVLIOA HOIH LNdNt ‘Hi, 


Vcc, SUPPLY VOLTAGE (VOLTS) 


Vcc, SUPPLY VOLTAGE (VOLTS) 


Figure 17. Input Low Voltage versus Supply Voltage 


Figure 16. Input High Voltage versus Supply Voltage 
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Vout OUTPUT VOLTAGE (VOLTS) 


Vout: OUTPUT VOLTAGE (VOLTS) 


Figure 19. Output Sink Current versus Output Voltage 


Figure 18. Output Source Current versus Output Voltage 
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ORDERING INFORMATION 
(Order by Full Part Number) 


| | MCM 4180 X XX XX 
Motorola Memory Prefix See | | ise teasing Method (R2= Tape & Reel, Blank = Rails) 
Speed (18= 18 ns, 20=20 ns, 22=22 ns, 25=25 ns) 


Part Number 
Package (P = Plastic DIP, J = Plastic SOJ) 


Full Part Numbers—MCM4180P18 MCM4180P20 MCM4180P22 MCM4180P25 
MCM4180J18 MCM4180J20 MCM4180J22 MCM4180J25 
MCM4180J18R2 MCM4180J20R2 MCM4180J22R2 MCM4180J25R2 
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MOTOROLA 


a SEMICONDUCTOR 
TECHNICAL DATA 


16K x 4 Bit Synchronous Static RAM 


with Transparent Outputs 


The MCM6292 is a 65,536 bit synchronous static random access memory organized as 
16,384 words of 4 bits, fabricated using Motorola’s second-generation high-performance 
silicon-gate CMOS (HCMOS III) technology. The device integrates input registers, high 
speed SRAM, and high-drive capability output latching onto a single monolithic circuit for 
reduced parts count implementation of cache data RAM and writeable control store appli- 
cations. The MCM6292 is well suited for applications involving the MC68030, MC68040, 
and AMD29K microprocessors. It is ideal for burst mode or pipelined bus applications. 

Synchronous design allows precise cycle control with the use of an external clock (K), 
while CMOS circuitry reduces the overall power consumption of the integrated functions 
for greater reliability. 

The address (A0-A13), data (DO-D3), write (W), and chip enable (E) inputs are all clock 
(K) controlled, positive-edge-triggered, noninverting registers. 

The MCM6292 provides transparent output operation when K is low for access of RAM 
data within the same cycle (output data is latched when K is high). 

Write operations are internally self-timed and initiated by the rising edge of the K input. 
This feature eliminates complex off-chip write pulse generation and provides increased 
flexibility for incoming signals. 

The MCM6292 is available in a 300-mil, 28-pin plastic DIP as well as a 300-mil, 28-pin 
plastic SOJ package. 


Single 5 V + 10% Power Supply 

Fast Access and Cycle Times: 25/30 ns Max 

Address, Data Input, E, and W Registers On-Chip 

Transparent Output Latch for Access Within the Same Cycle 

High Output Drive Capability 

Internally Self-Timed Write Pulse Generation 

Separate Data Input and Data Output Pins 

High Board Density SOJ Package Available 

Typical Applications: General-Purpose Buffer Storage, Writeable Control Store, Data 
Cache, or Cache Tag 


BLOCK DIAGRAM 










ADDRESS 


REGISTERS Vee 









16K x 4 , 
ROW MEMORY MATRIX SS 
DECODERS 128 ROWS x 





512 COLUMNS 





REGISTERS ; 


CONTROL 
REGISTERS 












le 
Pa COLUMN 


DECODERS |» 
WRITE PULSE 
GENERATOR 












P PACKAGE 


300 MIL PLASTIC 
CASE 710A 


NJ PACKAGE 
300 Mil. SOJ 
CASE 810B 





PIN ASSIGNMENT 


*For proper operation of the 
device, both Vss and Vssq 
must be connected to ground. 





Address Inputs 
Write Enable 
Chip Enable 
Data Inputs 


Data Outputs 

Clock Input 

+5 V Power Supply 
Ground 
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MCM6292 


TRUTH TABLE 


a ee, aes ee 
(eee aes ele Cee 






This device contains circuitry to protect the 
inputs against damage due to high static 
voltages or electric fields; however, it is ad- 
vised that normal precautions be taken to 
avoid application of any voltage higher than 
maximum rated voltages to this high- 
impedance circuit. 


NOTE: The values of E and W are valid inputs for the setup and hold times relative to 
the K rising edge. 













This is a synchronous device. All synchron- 
ous inputs must meet the specified setup 
ABSOLUTE MAXIMUM RATINGS (Voltages referenced to Vgs = Vgsq=0 V) and hold times with stable logic levels for 


. - ALL rising edges of clock (K) while the de- 
| Rating | Symbol | Value ee | 
Power Supply Voltage | Veco | —0.5 to +7.0 


Voltage Relative to Vgs/Vssq for Any Vins Vout | —0.5 to Voc +0.5 
Pin Except Vcc 


Vcc 
Output Current (per 1/0) Pala 
Power Dissipation (Ta = 25°C) | Pp 

TA 





V 
This device contains circuitry that will en- 
sure the output devices are in High Z at 
power up. Care should be taken by the user 
to ensure that all clocks are at Vi, or Vip 
during power up to prevent spurious read 
cycles from occurring. 


+20 


Temperature Under Bias Thbias | -10to +85 | ° 
Operating Temperature TA | 0 to +70 
Storage Temperature —55 to +125 


NOTE: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are 
exceeded. Functional operation should be restricted to RECOMMENDED 
OPERATING CONDITIONS. Exposure to higher than recommended voltages for 
extended periods of time could affect device reliability. 


see EEF e 
s{é|s[=|3| <|<(s| 





DC OPERATING CONDITIONS AND CHARACTERISTICS 
(Vcc =5.0 V + 10%, Ta =0 to 70°C, Unless Otherwise Noted) 


RECOMMENDED OPERATING CONDITIONS (Voltages referenced to Vgg =Vsso=0 V) 
po Parameter | Symbol | min | typ | Max | Unit | 
| Supply Voltage (Operating Voltage Range) | ce | ||| 
[input High Voltage | | cco |v 
[Input LowVoltage TT 08 | 


FVi_ (min) = —0.5 V de; Viz (min) = —3.0 V ac (pulse width <20 ns) 





DC CHARACTERISTICS 


input Leakage Current (All Inputs, Vj, =0 to Vcc) : 
Output Leakage Current (E=ViH, Vout=0 to Vcc, Outputs must be high-Z) : 


AC Supply Current (E=VjL, Igyt=0 mA, All Inputs=Vji,_ or Viz, Cycle 
Time=tkKHKH min) 


Standby Current (E= Vj}; Other Inputs = Vij =3.0 V or Vj, 0.4 V; lout =O mA, 
Cycle Time=tKHKH min) 


Output Low Voltage (Io, = 12.0 mA) 7 
Output High Voltage (IoH = — 10.0 mA) | 


CAPACITANCE (f= 1.0 MHz, dV=3.0 V, Ta =25°C, Periodically Sampled Rather Than 100% Tested) 


Characteristic 


| input Capacitance 
Output Capacitance 
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AC OPERATING CONDITIONS AND CHARACTERISTICS 
(Vcc =5.0 V +10%, Ta=0 to +70°C, Unless Otherwise Noted) 


Input Timing Measurement Reference Level .......... 1.5V Output Timing Measurement Reference Level ......... 1.5V 
Input Pulse Levels ..........-2. 00 eee eens 0to 3.0 V Output Load.......... See Figure 1A Unless Otherwise Noted 
Input Rise/Fall Time ............ 00.000 cee eee 5 ns 


READ CYCLE (See Note 1) 


Framer | sam 


[Reed Gye Tine 






MCM6232-25 MCM6292-30 













| Setup Times for: 







Hold Times for: 






NOTES: 
1. A read is defined by W high and E iow for the setup and hold times. 
2. All read cycle timing is referenced from K. 

. Transition is measured +500 mV from steady-state voltage with load of Figure 1B. This parameter is sampled not 100% tested. 

. For Read Cycle 1 timing, clock high pulse width <(txkHQV-tKLaOvV). 

. For Read Cycle 2 timing, clock high pulse width =(txHOoVy—tkLOV)- 

K must be at a low level for outputs to transition. 

. This is a synchronous device. All synchronous inputs must meet the specified setup and hold times with stable logic levels for ALL rising 
edges of clock (K) while the device is selected. 


NOS w 





AC TEST LOADS 


+5V +5V 
305 305 
Qa a 
130 130 pF 130 5 pF 
(INCLUDING (INCLUDING 
SCOPE AND JIG) SCOPE AND JIG) 
Figure 1A . Figure 1B 
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MCM6292 


READ CYCLE 1 (See Note 1) | 


tKHKL tKLKH 


Ne LT Roe 


ne IX ea OOOO 
'WHKH cane tKHWX 


Oa ——— 







t 


00-03 ————————————— PREVIOUS HIGH Z 





a: ANNNNUARANI 


tAVKH eae ee & tKHAX | 
es ae XXXXKXAKAKXAXAKNARXAAN 


uF ‘AAARARRRARRRRReee 


tKLOV tKLOZ 
NOTES: 


1. For Read Cycle 1 timing, clock high pulse width <(txpoOy—-tKLav)- 
2. For Read Cycle 2 timing, clock high pulse width =(txHoy —tKLQy). 





a0-03 
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MCM6292 


WRITE CYCLE (W Controlled, See Note 1) 












ee | MCM6292-25 | | MCM6292-30_| Stee 
er 

| Min | Max | Min | Max_ 
Write Cycle Time | tk | 25 | — | 30 | - | ons | 2 
[Clock LowtoOutputHighZ | tz | - | to | - | 8 fons | 


Setup Times for: tEVKH 
tAVKH 
tWLKH 
tDVKH 

Hold Times for: tKHEX 
tKHAX | 
tKHWX 
tKHDX 


NOTES: 
1. A write is performed when W and E are both low for the specified setup and hold times. 
2. All write cycle timing is referenced from K. 
3. K must be at a low level for outputs to transition. 
4. This is a synchronous device. All synchronous inputs must meet the specified setup and hold times with stable logic levels for ALL rising 
edges of clock (K) while the device is selected. 





S|> milo Sl> mi 





'KHKL 'KLKH 






“tKHEX 


ANNNNNANNI 


tEVKH 


StL TH TTA 


A (ADDRESS) 2 iam ed XX OK XS XXX) XXX XXX) XXX) XX? NONE 


was) <— LOA WAAWAAArOOAATOrOeLavecerecereres 
D6 LACOCCCOCCCOCCCCNOCICONAG 
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= = 3 S ° 


(G3ZVWHON) LN3YUND AlddNS 3ALLOV ‘VID 


75 100 8125 


50 


Ta, AMBIENT TEMPERATURE (°C) 


.w 
N 





f, FREQUENCY (MHz) 


Figure 3. Active Supply Current versus Temperature 


Figure 2. Active Supply Current versus Frequency 





° —) So ro) 


(G3ZMVWHYON) LNJYHND ABONVLS ‘C8S| 


f, FREQUENCY (MHz) 


Figure 4. Standby Current versus Frequency 
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1.0 


0.8 
Vout GUTPUT VOLTAGE (VOLTS) 
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=< - 


(v4) INIHUND MOT LNdLNo ‘10) 
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(vw) LNIHUND HOIH LNdino ‘HO; 





Vout: OUTPUT VOLTAGE (VOLTS) 


Figure 6. Output Sink Current versus Output Voltage 


Figure 5. Output Source Current versus Output Voltage 
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MCM6292 


tKHKH. READ CYCLE TIME (NORMALIZED) 
txkHay, CLOCK ACCESS TIME (NORMALIZED) 





~75 -§0 -25 0 25 50 75 100 125 4150 
Ta, AMBIENT TEMPERATURE (°C) Ta, AMBIENT TEMPERATURE (°C) 


Figure 7. Read Cycle Time versus Temperature Figure 8. Clock Access Time versus Temperature 


ORDERING INFORMATION 
(Order by Full Part Number) 


MCM 6292 X XX XX 


: 


Motorola Memory Prefix Shipping Method (R2= Tape & Reel, Blank = Rails) 


Part Number Speed (25=25 ns, 30=30 ns) 
Package (P = Plastic DIP, NJ = Plastic SOJ) 


Full Part Numbers— MCM6292P25 MCM6292NJ25 MCM6292NJ25R2 
MCM6292P30 MCM6292NJ30 MCM6292NJ30R2 
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APPLICATIONS INFORMATION 


The Motorola family of synchronous SRAMs is designed to 
provide a performance and parts count advantage in appli- 
cations such as writeable control stores, memory mapping, 
and cache memory. The on-board input registers eliminate the 
need for external latch chips in systems where addresses and 
data are not on the bus long enough to satisfy standard SRAM 
setup and hold times. Latches on the output port provide 
extended hold times independent of address or other device 
input changes to better meet system access requirements. The 
clock (K) input controls the operation of the input registers 
and output latches, and provides a direct means of synchro- 
nizing the SRAM to a system clock. 

The MCM6292 offers transparent output operation, which 
allows output data access within the same tk HKH cycle. This 
feature lends itself well to applications requiring RAM data to 


SYSTEM 
ADDRESSES 


SYSTEM 
CLOCK 


MCM6292 


SYSTEM 
DATA 
IN 


OUTPUT 
DATA 
BUS 


*From read/write controller. 


MCM6292 





be set up on the system bus prior to the next rising clock edge. 
On the rising edge of the clock (K) signal, the output data for 
the previous cycle is latched until the next falling clock edge. 
When the clock (K) signal is low, the output is allowed to 
transition relative to the most recent rising clock (K) edge. 

Figure 9 shows a typical system configuration using four 
MCM6292 chips. The system addresses are tied to the 
MCM6292s in parallel, while system data is distributed among 
the four input data ports of 4 bits each. Output data is tied to 
a separate output data bus to exploit the separate I/O con- 
figuration of the MCM6292. The clock (K) signal is a logical 
derivation of the system clock. 

Figure 10 shows typical bus timing for the configuration of 
Figure 9. The system bus supplies address, data, and control 
signals, while accepting data from the memory on rising clock 
edges. In some applications, the clock (K) signal may need to 
be a delayed system clock to aliow adequate address and data 
setup times. 


MCM6292 


MCM6292 


Figure 9. Typical Configuration for a 16-Bit Bus | 
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SYSTEM-GENERATED 
SIGNALS 0 20 40 60 80 100 120 160 200 240 


SYSTEM CLOCK 
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ware numa XXX XXXKXXXXAAAAAKAAXAKAAAADO OK KKK 
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a 2 ee 27, aoa, a. 
Ear eas \\\ A A AXA KA» A | A 
a Pa 
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Pad 


P< 
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MCM6292 CONTROL 


1 
7 


12-6 
Vivd AYOW3W VIOYOLOW 


NOTES: 
1. The system supplies address, data, and control information and accepts data from memory on the rising edge of the system clock. 
2. The memory clock is delayed 10 ns (for this example) to allow input information to propagate to the memory chips. 


Figure 10. Nonpipeline System Timing 





C6CIINDW 





MOTOROLA 


a SEMICONDUCTOR 
TECHNICAL DATA 





16K x 4 Bit Synchronous Static RAM 


with Output Registers 


The MCM6293 is a 65,536 bit synchronous static random access memory organized as 
16,384 words of 4 bits, fabricated using Motorola’s second-generation high-performance 
silicon-gate CMOS (HCMOS Ill) technology. The device integrates input registers, high 300 MIL PLASTIC 
speed SRAM, and high-drive capability output registers onto a single monolithic circuit for CASE 710A 
reduced parts count implementation of cache data RAM and writeable control store appli- 
cations. It is well suited for telecommunications switches and test equipment. 

Synchronous design allows precise cycle control with the use of an external clock (K), 
al CMOS circuitry reduces the overall power consumption of the integrated functions NJ PACKAGE 

or greater reliability. = is 300 MIL SOJ 

The address (A0-A13), data (DO-D3), write (W), and chip enable (E) inputs are all clock CASE 810B 
(K) controlled, positive-edge-triggered, noninverting registers. 

The MCM6293 provides output register operation. At the rising edge of K, the RAM 
data from the previous K high cycie is presented. This function is well suited to fully pipe- 
lined applications. _ 

Write operations are internally self-timed and initiated by the rising edge of the K input. 
This feature eliminates complex off-chip write pulse generation and provides increased 
flexibility for incoming signals. __ 

The MCM6293 is available in a 300-mil, 28-pin plastic DIP as well as a 300-mil, 28-pin 
plastic SOJ package. 


Single 5 V + 10% Power Supply 

Fast Cycle Times: 20/25 ns Max 

Fast Clock (K) Access Times: 10 ns Max 

Address, Data Input, E, and W Registers On-Chip 

Output Registers for Fully Pipelined Applications 

High Output Drive Capability 

Internaliy Self-Timed Write Pulse Generation 

Separate Data Input and Data Output Pins 

High Board Density SOJ Package Available 

Typical Applications: General-Purpose Buffer Storage, Writeable Control Store, Data 
Cache, or Cache Tag 


























BLOCK DIAGRAM 
| ADDRESS | Vec | *For proper operation of the 
| REGISTERS 16K x4 device, both Vsgsg and Vssq 
: ROW | MEMORY MATRIX Vs | must be conected to ground. 
DECODERS 128 ROWS x 






512 COLUMNS 








| DATA 
| REGISTERS J 


| CONTROL 
REGISTERS 


Address Inputs | 
Write Enable 

Chip Enable 

Data Inputs 

Data Outputs 

Clock Input 

+5 V Power Supply 










a 
: a DECODERS |»! 
> WRITE PULSE | 





Output Buffer Ground 
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MCM6293 


TRUTH TABLE 


; This device contains circuitry to protect the 
inputs against damage due to high static 
voltages or electric fields; however, it is ad- 
vised that normal precautions be taken to 

avoid application of any voltage higher than 
Xx maximum rated voltages to this high- 


NOTE: The values of E and W are valid inputs for the setup and hold times relative to impedance circuit. 
the K rising edge. 





This is a synchronous device. All synchron- 
ous inputs must meet the specified setup 
ABSOLUTE MAXIMUM RATINGS (Voltages referenced to Vgs = Vssq =0 V) and hold times with stable logic levels for 


Rati : ALL rising edges of clock (K) while the de- 
aung vice is selected 
| Power Supply Voltage -0.5 to +7.0 
: This device contains circuitry that will en- 
Voltage Relative to Vgs/Vssq for Any —0.5 to Vcc + 0.5 Vv sure the output devices abel High Z at 
Pin Except Vcc power up. Care should be taken by the user 
Output Current (per 1/0) ie aie 4 to ensure that all clocks are at Vi__ or Viyy 
marae during power up to prevent spurious read 
Power Dissipation (Ta = 25°C) | Pp cycles from occurring. 
Temperature Under Bias —10 to +85 
TA 


Storage Temperature 


NOTE: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are 
exceeded. Functional operation should be restricted to RECOMMENDED 
OPERATING CONDITIONS. Exposure to higher than recommended voltages for 
extended periods of time could affect device reliability. 





DC OPERATING CONDITIONS AND CHARACTERISTICS 
(Vcc =5.0 V +10%, Ta =0 to 70°C, Unless Otherwise Noted) 


RECOMMENDED OPERATING CONDITIONS (Voltages referenced to Vgs = Vssq =0 V) 


Parameter Symbol 
V 





CC 


*Vi_ (min) = —0.5 V de; Viz (min) = —3.0 V ac (pulse width <20 ns) 


DC CHARACTERISTICS 





AC Supply Current (E=Vj,, loyt=0 mA, All Inputs =Viy or Viz, Cycle 
Time2=tKHKH min) 
Standby Current (E=Vj}4; Other Inputs = Vip =3.0 V or Vi, <0.4 V; Ioyt=0 mA, Cycle 
Time 2tKHKH Min) 

















Output Low Voltage (lo. = 12.0 mA) 


Output High Voltage (io = — 10.0 mA) ; 











Symbol 
Input Capacitance 
Output Capacitance | Cour | 7 
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MCM6293 


AC OPERATING CONDITIONS AND CHARACTERISTICS 
' (Veco =5.0 V + 10%, Ta=0 to +70°C, Unless Otherwise Noted) 


input Timing Measurement Reference Level .......... 1.5V Output Timing Measurement Reference Level ......... 1.5V 
Input Pulse Levels .......... 0.0.0 eee eee 0 to 3.0 V Output Load.......... See Figure 1A Unless Otherwise Noted 
Input Rise/Fall Time ........... 2.0 eee ee eee 5 ns 


READ CYCLE (See Note 1) 


Read Gye Time SSS 
Output Active from Glock High SSS Kx 
[Clock High to High Z(E=Viq)SSSC~* 


Clock Low Pulse Width tKLKH 
Clock High Pulse Width tKHKL | 5 | 


Setup Times for: 


Hold Times for: 





S| > mil => mi 


NOTES: 

1. A read is defined by W high and E low for the setup and hold times. 

2. All read cycle timing is referenced from K. 

3. Valid data from K high will be the data stored at the address of the last valid read cycle. 

4. Transition is measured +500 mV from steady-state voltage with load of Figure 1B. This parameter is sampled not 100% tested. At any 
given voltage and temperature, tk}1Qz Max is less than tkHQx min for a given device. 

5. This is a synchronous device. All synchronous inputs must meet the specified setup and hold times with stable logic levels for ALL rising 
edges of clock (K) while the device is selected. 


AC TEST LOADS 


+5V +5V 
305 305 
Q Q 
130 130 pF 130 5 pF 
(INCLUDING (INCLUDING 
SCOPE AND JIG) SCOPE AND JIG) 
Figure 1A Figure 1B 
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READ CYCLE 1 (See Note 1) 
tKHKH 


rea FS OE of 


tKHAX 

tAVKH bee 

a es XXX XX 
tWHKH tKHWX tWHKH bere he bare oad tKHWX 


W (WRITE ENABLE) /} y RV \\S//7 7 TWA ‘- ie LANNY 


|e tkHaov tkHOV 
tKHOZ tkKHOX 


READ CYCLE 2 (See Note 1) 


tKHAX tKHAX 


err oe ox a a = eens = ony 


tKHWX tKHWX 


W (WRITE ENABLE) me arses 7 hQW777 a AAA 


tKHOV tKHOV tKHOV 


NOTE: 
1. The outputs Q, — 3 and Op, _ 2 are derived from two previous read cycles where W=Vjy and E= Vj, for those cycles. 
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MCM6293 


WRITE CYCLE (W Controlled, See Note 1) 


Se 
| 20 | = | 2 


| Write Cycle Time KKH ee ie eee 
| Clock High to Output HighZ(W=Vin) | tk =| — | 10 | - | 10 | ns | 3 
NOTES: 


Setup Times for: 

1. A write is performed when W and E are both low for the specified setup and hold times. 

2. All write cycle timing is referenced from K. 

3. Transition is measured +500 mV from steady-state voltage with load of Figure 1B. This parameter is sampled not 100% tested. At any 
given voltage and temperature, tkHQz Max is less than txkHOX min for a given device. 

4. This is a synchronous device. All synchronous inputs must meet the specified setup and hold times with stable logic levels for ALL rising 
edges of clock (K) while the device is selected. 




















Hold Times for: 


ov Sl> mij © S| > mi 


WRITE CYCLE 


E (CHIP ENABLE) = eS tee ” 





Fa a 
won TX —5 KX KKXLLLLK = AXKERKKOK 


remo SO | {Z77SSX_ | 777 


‘DVKH tDVKX 


san XX) aan rien am cee a 


tKHOV . tKHOZ 






Q (DATA OUT) 


aaa aareacaeaa 
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(G3ZN1¥WHON) LNIYHND AlddNS IAILIY ‘VII, 


Tq, AMBIENT TEMPERATURE (°C) 


f, FREQUENCY (MHz) 


Figure 3. Active Supply Current versus Temperature 


Figure 2. Active Supply Current versus Frequency 





(Q3ZNVWHON) LNINHND ABONVLS ‘29S; 


f, FREQUENCY (MHz) 





Figure 4. Standby Current versus Frequency 





(yu) LNJYHND HOIH LAdLNo ‘HO; 


Vout OUTPUT VOLTAGE (VOLTS) 


Vout OUTPUT VOLTAGE (VOLTS) 


Figure 6. Output Sink Current versus Output Voltage 


Figure 5. Output Source Current versus Output Voitage 
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tkHKH. READ CYCLE TIME (NORMALIZED) 
tkHov, CLOCK ACCESS TIME (NORMALIZED) 





—-75 -50 -25 0 25 50 75 100 125 150 
Ta, AMBIENT TEMPERATURE (°C) Ta, AMBIENT TEMPERATURE (°C) 


Figure 7. Read Cycle Time versus Temperature Figure 8. Clock Access Time versus Temperature 


ORDERING INFORMATION 
(Order by Full Part Number) 


MCM 6293 X XX XX 
Motorola Memory Prefix Shipping Method (R2= Tape & Reel, Blank = Rails) 
Part Number Speed (20=20 ns, 25 =25 ns) 
| Package (P = Plastic DIP, NJ =300 mil SOJ) 


Full Part Numbers— MCM6293P20 MCM6293NJ20 MCM6293NJ20R2 
MCM6293P25 MCM6293NJ25 MCM6293NJ25R2 
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APPLICATIONS INFORMATION 


The Motorola family of synchronous SRAMs is designed to 
provide a performance and parts count advantage in appii- 
cations such as writeable control stores, memory mapping, 
and cache memory. The on-board input registers eliminate the 
need for external latch chips in systems where addresses and 
data are not on the bus long enough to satisfy standard SRAM 
setup and hold times. Registers on the output port provide 
extended hold times independent of address or other device 
input changes to better meet system access requirements. The 
clock (K) input controis the operation of the input registers 
and output registers, and provides a direct means of syn- 
chronizing the SRAM to a system clock. 

The MCM6293 offers registered output operation. On the 


SYSTEM 
ADDRESSES 


SYSTEM 
CLOCK 


MCM6293 MCM6293 


SYSTEM 
DATA 
IN 


OUTPUT 
DATA 
BUS 


*From read/write controller. 





rising edge of the clock (K) signal, the output data for the 
previous cycle is latched until the next rising clock edge. 

Figure 9 shows a typical system configuration using four 
MCM6293 chips. The system addresses are tied to the 
MCM6293s in parallel, while system data is distributed among 
the four input data ports of 4 bits each. Output data is tied to 
a separate output data bus to exploit the separate !/O con- 
figuration of the MCM6293. The clock (K) signal is a logical 
derivation of the system clock. 

Figure 10 shows typical bus timing for the configuration of 
Figure 9. The system bus supplies address, data, and control 
signals, while accepting data from the memory on rising clock 
edges. In some applications, the clock (K) signal may need to 
be a delayed system clock to allow adequate address and data 
setup times. 


MCM6293 MCM6293 


Figure 9. Typical Configuration for a 16-Bit Bus 
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ViVO AHOWSW VIOHYOLOW 


SYSTEM-GENERATED 


SIGHALS 0 20 40 60 80 100 120 160 200 240 
SYSTEM CLOCK 





woes XXKX™ XXX XXX XY) ee roneet he moe cts XXX 
com. XXX XXXL edema epmena name 
waneore XXX XY OS X 


MCM6293 CONTROL 
AND CUTPUT SIGNALS __ 10 | 30 50 70 $0 110 230 


K (CLOCK) | Q 
—_|— wn CYCLE —t—rn CYCLE — R = _———— 


W (WRITE ENABLE] \\\ 7 /// hth | 
E (CHIP ENABLE) \\\ | | KX | AX) AX) (x) \ ah | AX) | 


oem Ker Xs Xs | $$ 


120 160 200 


XXX 






NOTES: 
1. The system supplies address, data, and control information and accepts data from memory on the rising edge of the system clock. 
2. The memory clock is delayed 10 ns (for this example) to allow input information to propagate to the memory chips. 


Figure 10. Pipeline System Timing 


E629INDIN 


MOTOROLA 


ae SEMICONDUCTOR 
TECHNICAL DATA 


MICM6294 


16K x 4 Bit Synchronous Static RAM 


with Output Registers and Output Enable 


The MCM6294 is a 65,536 bit synchronous static random access memory organized as 
16,384 words of 4 bits, fabricated using Motorola’s second-generation high-performance 
silicon-gate CMOS (HCMOS III) technology. The device integrates input registers, high P PACKAGE 

; : at ‘ . er ee 300 MIL PLASTIC 
speed SRAM, and high-drive capability output registers onto a single monolithic circuit for CASE 710A 
reduced parts count implementation of cache data RAM and writeable control store appli- 
cations. Synchronous design allows precise cycle control with the use of an external clock 
(K), while CMOS circuitry reduces the overall power consumption of the integrated func- 
tions for greater reliability. It is well suited for telecommunications switches and test tag 
equipment. io ~=—sNNJ.- PACKAGE 

The address (A0-A13), data (DO0-D3), and write (W) inputs are all clock (K) controlled, 300 MIL SOJ 
positive-edge-triggered, noninverting registers. CASE 810B 

The MCM6294 provides output register operation. At the rising edge of K, the RAM 
data from the previous K high cycle is presented. This function is well suited to fully pipe- 
lined applications. 

The output enable (G) provides asynchronous bus control for common I/O or bank 
switch applications. 

Write operations are internally self-timed and initiated by the rising edge of the K input. 
This feature eliminates complex off-chip write pulse generation and provides increased 
flexibility for incoming signals. 

The MCM6294 is available in a 300-mil, 28-pin plastic DIP as well as a 300-mil, 28-pin 
plastic SOJ package. 


Single 5 V + 10% Power Supply 

Fast Cycle Times: 20/25 ns Max 

Fast Clock (K) Access Times: 10 ns Max 

Address, Data Input, and W Registers On-Chip 

Output Enable for Asynchronous Bus Control 

Output Registers for Fully Pipelined Applications 

High Output Drive Capability 

internally Self-Timed Write Pulse Generation 

Separate Data Input and Data Output Pins 

High Board Density SOJ Package Available 

Typical Applications: General-Purpose Buffer Storage, Writeable Control Store, Data 
Cache, or Cache Tag 


AO-A13 ADDRESS 
REGISTERS 


DO-D3 DATA : 
REGISTERS 





PIN ASSIGNMENT 


*For proper operation of the 
BLOCK DIAGRAM device, both Vss and Vssq 


must be connected to ground. 













16K x 4 Vec 
ROW MEMORY MATRIX 
DECODERS 128 ROWS x Vss 


12 COLUM 
5 OLUMNS Address Inputs 


Write Enable 
Output Enable 
Data Inputs 


W WRITE b. ges Sh deepest ne 

ENABLE ae COLUMN | 

REGISTER . DECODERS 
, RITE PULSE 

K CLOCK 


> INPUT : 


— 


Data Outputs 

Clock Input 

+5 V Power Supply 
Ground 

Output Buffer Ground 






bs 





G {output ~ 
ENABLE | 
BUFFER 
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This device contains circuitry to protect the 
inputs against damage due to high static 
voltages or electric fields; however, it is ad- 
vised that normal precautions be taken to © 
avoid application of any voltage higher than 
maximum rated voltages to this high- 
impedance circuit. 





Output Disable 





NOTE: The value W is a valid input for the setup and hold times relative to the K rising 
edge. The value G is an asynchronous input. This is a synchronous device. All synchron- 


ABSOLUTE MAXIMUM RATINGS (Voltages referenced to Vgg=Vsgq=0V) —«-2US inputs must meet the specified setup 


pc and hold times with stable logic levels for 
| Rating «= titi: Symbol | Value ALL rising edges of clock (K) while the de- . 
Power Supply Voltage ; —0.5 to +7.0 


vice is selected. 
Pin Except Vcc 
[Power Dissipation (Ta=25°C) «PD 


This device contains circuitry that will en- 
sure the output devices are in High Z at 
power up. Care should be taken by the user 
to ensure that all clocks are at Vi, or Vip 
during power up to prevent spurious read 
cycles from occurring. 

—10 to +85 


0 to +70 


” 
sR Eeh eo 
slé|s|=|3| <|<| 


fe) 


° 





| Storage Temperature —§5 to +125 


NOTE: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are 
exceeded. Functional operation should be restricted to RECOMMENDED 
OPERATING CONDITIONS. Exposure to higher than recommended voltages for 
extended periods of time could affect device reliability. 


DC OPERATING CONDITIONS AND CHARACTERISTICS 
(Vcc =5.0 V +10%, Ta =0 to 70°C, Unless Otherwise Noted) 


RECOMMENDED OPERATING CONDITIONS (Voltages referenced to Vgs = Vssq=0 V) 


SunpiyVotage (Operating Vokage Range) +d vec 


¥Vi_ (min) = —0.5 V de; Vi_ (min) = —3.0 V ac (pulse width <20 ns) 









DC CHARACTERISTICS 







[0] 
oa V 
al 


CAPACITANCE (f= 1.0 MHz, dV=3.0 V, Ta =25°C, Periodically Sampled Rather Than 100% Tested) 










' Characteristic 
Input Capacitance 


Output Capacitance | 
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AC OPERATING CONDITIONS AND CHARACTERISTICS 
(Vcc =5.0 V + 10%, Ta=0 to +70°C, Unless Otherwise Noted) 


Input Timing Measurement Reference Level .......... 1.5V Output Timing Measurement Reference Level ......... 1.5V 
Input Pulse Levels .......... 0.00. eee eens 0 to 3.0 V Output Load.......... See Figure 1A Unless Otherwise Noted 
Input Rise/Fall Time .........0.0. 200. ee ee ee wees 5 ns 


READ CYCLE (See Note 1) 


| mbar 


|ReadCycleTime tH | 20 | || ns 

[Clock Access Time tk | = | tO | = | tons | 

Output Active from Clock High | tkHox | 9 | - | o | - | ns | 4 | 

[| Clock Low Pulse Width tek | 8 OT = | | = | ts | 
| tKHKL | ee ie ee ee ee 


Clock High Pulse Width 
Setup Times for: 


Hold Times for: 


G High to Q High Z | tgHoz | - | 10 | - | | ons | 46 | 
|GlowtoQActve = ——i‘s™sSs~sYSCéstgx | OF | - | | Kl ls | 48 | 
|GlowtoQvaid = —t—sts—‘s™sSs*s*sés*rCtgty | - | to | — | 0 [| ors | 


NOTES: 

. A read is defined by W high for the setup and hold times. 

. All read cycle timing is referenced from K or from G. 

. Valid data from K high will be the data stored at the address of the last valid read cycle. 

. Transition is measured +500 mV from steady-state voltage with load of Figure 1B. This parameter is sampled not 100% tested. 

. This is a synchronous device. All synchronous inputs must meet the specified setup and hold times with stable logic levels for ALL rising 
edges of clock (K) while the device is selected. 

. At any given voltage and temperature, tgHQ7 max is less than tgLQx min for a given device. 





ahQbhb = 


o 


AC TEST LOADS 





+5V +5V 
305 305 
Q Q 
130 130 pF 130 5 pF 
(INCLUDING (INCLUDING 
SCOPE AND JIG) SCOPE AND JIG) 
Figure 1A . Figure 1B 
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READ CYCLE 1 (See Note 1) 


— tKHKL : tKLKH 


~K (CLOCK) 


G (OUTPUT ENABLE) 
tAVKH 


wun AKKKXXKX =) XXX) ent 


W (WRITE ENABLE) | Aa | ANNRNRNNNNNI 





READ CYCLE 2 (See Note 1) 
tKHKL tKLKH 


K (CLOCK) 


G (OUTPUT ENABLE) 


tAVKH tKHAX 


ryan (XY XXXXXXXBK_& _AXXXXXXXXXXXXX) 
renga nee oath 


tomncauas 721 8777/7 1 MAA 


NOTE: 
1. The outputs Qn —3 and QO, _ 2 are derived from two previous read cycles, where W= Vip for those cycles. 
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WRITE CYCLE (W Controlled, See Note 1) 


ramen | att | 


Write Cycle Time 
Clock High to Output High Z (W=Vj,) 
G High to Q High Z | tGHoz | 


W | tWLKH 

D | toVKH 

| Hold Times for: Al tKHAX 
Wl tkHwx 

D | tKHDX 


NOTES: 

1. A write is performed when W is low for the specified setup and hold times. 

2. All write cycle timing is referenced from K or from G. 

3. Transition is measured +500 mV from steady-state voltage with load of Figure 1B. At any given voltage and temperature, tk}HQz max is 
less than tk HQX Min for a given device. 

4. G becomes a don’t care signal for successive writes after the first write cycle. 

5. This is a synchronous device. All synchronous inputs must meet the specified setup and hold times with stable logic levels for ALL rising 
edges of clock (K) while the device is selected. 





WRITE CYCLE 1 
(SEPARATE 1/0 MODE) (COMMON 1/0 MODE) 


tKHKH ‘KHKH 


K (CLOCK) 


G (OUTPUT ENABLE) 






AA 


roness OKs KXXXY OK OOK XXX tt KXX 


tWLKH tWLKH 


tknwx _WLKH "KHWX | tw NUKH — 1KHWX 
nwo st | A/S | ZZ, SAA | ZZ 


tDVKH tDVKH 


tKHOV tkKHOZ tGHOZ 


Q (DATA OUT) Qn-2 f my) HIGH-2 ——— O,-—2 HIGH-Z 
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Icca. ACTIVE SUPPLY CURRENT (NORMALIZED) 
Icca, ACTIVE SUPPLY CURRENT (NORMALIZED) 





0 30 40 50 60 70 
f, FREQUENCY (MHz) ; Ta, AMBIENT TEMPERATURE (°C) 


Figure 2. Active Supply Current versus Frequency Figure 3. Active Supply Current versus Temperature 


Igy. OUTPUT HIGH CURRENT (mA) 
a 
- Igy, OUTPUT LOW CURRENT (mA) 





0 7. 
0 05 10 15 20 25 30 35 40 4.5 0 02 04 O06 0.8 10 12 #14 #416 1.8 
Vout OUTPUT VOLTAGE (VOLTS) , Vout CUTPUT VOLTAGE (VOLTS) 
Figure 4. Output Source Current versus Output Voltage Figure 5. Output Sink Current versus Output Voltage 


tkyKH. READ CYCLE TIME (NORMALIZED) 
tkHov. CLOCK ACCESS TIME (NORMALIZED) 





8 0.7 
-75 -50 -—25 0 25 50 75 100 125 150 —-75 -50 -—25 0 25 50 75 100 125 150 
Ta, AMBIENT TEMPERATURE (°C) Ta, AMBIENT TEMPERATURE (°C) 
Figure 6. Read Cycle Time versus Temperature Figure 7. Clock Access Time versus Temperature 
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tgtay, OUTPUT ENABLE TIME (NORMALIZED) 





Ta, AMBIENT TEMPERATURE (°C) 


Figure 8. Output Enable Time versus Temperature 


ORDERING INFORMATION 
(Order by Full Part Number) 


MCM 6294 X XX XX 
Motorola Memory Prefix ae Method (R2= Tape & Reel, Blank = Rails) 
Part Number Speed (20 =20 ns, 25=25 ns) 
Package (P = Plastic DIP, NJ = 300 mil SOJ) 


Full Part Numbers — MCM6294P20 MCM6294NJ20 MCM6294NJ20R2 
MCM6294P25 MCM6294NJ25 MCM6294NJ25R2 
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APPLICATIONS INFORMATION 


The Motorola family of synchronous SRAMs is designed to 
provide a performance and parts count advantage in appli- 
cations such as writeable control stores, memory mapping, 
and cache memory. The on-board input registers eliminate the 
need for external latch chips in systems where addresses and 
data are not on the bus long enough to satisfy standard SRAM 
setup and hold times. Registers on the output port provide 
extended hold times independent of address or other device 
input changes to better meet system access requirements. The 
clock (K) input controls the operation of the input registers 
and output registers, and provides a direct means of syn- 
chronizing the SRAM to a system clock. 

The MCM6294 offers registered output operation. On the 


SYSTEM 
ADDRESSES 


SYSTEM 
CLOCK 


MCM6294 


SYSTEM 
DATA 
IN 


OUTPUT 
DATA 
BUS 


*From read/write controller. 


MCM6294 





rising edge of the clock (K) signal, the output data for the 
previous cycle is latched until the next rising clock edge. 

Figure 9 shows a typical system configuration using four 
MCM6294 chips. The system addresses are tied to the 
MCM6294s in parallel, while system data is distributed among 
the four input data ports of 4 bits each. Output data is tied to 
a separate output data bus to exploit the separate I/O con- 
figuration of the MCM6294. The clock (K) signal is a logical 
derivation of the system clock. 

Figure 10 shows typical bus timing for the configuration of 
Figure 9. The system bus supplies address, data, and control 
signals, while accepting data from the memory on rising clock 
edges. In some applications, the clock (K) signal may need to 
be a delayed system clock to allow adequate address and data 


setup times. 


MCM6294 MCM6294 


Figure 9. Typical Configuration for a 16-Bit Bus 
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Vivd AYOW3WN VIOYOLOW 


SYSTEM-GENERATED 
SIGNALS 0 20 40 60 80 100 120 160 200 240 


SYSTEM CLOCK 


DOC DOE DEED ‘ NEE IE 
coma = XX KK XK XX A__AW__XY 
wareoxe XXX XXXXXXXKAXKKA KAA OX KOK XK 


MCM6284 CONTROL 
AND OUTPUT SIGNALS 10 30 50 70 90 _110 230 


K (CLOCK) 








ae WRITE CYCLE +: READ CYCLE 4 
W (WRITE ENABLE) \\\ /// / \\/ 


came aue XX\___ AX a. e= _ XQ 


120 160 200 


NOTES: 
1. The system supplies address, data, and control information and accepts data from memory on the rising edge of the system clock. 
2. The memory clock is delayed 10 ns (for this example) to allow input information to propagate to the memory chips. 


Figure 10. Pipeline System Timing 
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MOTOROLA 


ae SEMICONDUCTOR 
TECHNICAL DATA 


16K x 4 Bit Synchronous Static RAM | 


with Transparent Outputs and Output Enable 


The MCM6295 is a 65,536 bit synchronous static random access memory organized as | 
16,384 words of 4 bits, fabricated using Motorola’s second-generation high-performance PACKAGE 
silicon-gate CMOS (HCMOS III) technology. The device integrates input registers, high 300 MIL PLASTIC 
speed SRAM, and high-drive capability output latching onto a single monolithic circuit for | CASE 710A 
reduced parts count implementation of cache data RAM and writeable control store appli- — 
cations. The MCM6295 is well suited for applications involving the MC68030, MC68040, 
and AMD29K microprocessors. It is ideal for burst mode or pipelined bus applications. aa 

Synchronous design allows precise cycle control with the use of an external clock (K), NJ PACKAGE 
while CMOS circuitry reduces the overall power consumption of the integrated functions ee 
for greater reliability. 

The address (A0-A13), data (DO-D3), and write (W) inputs are all clock (K) controlled, 
positive-edge-triggered, noninverting registers. 

The MCM6295 provides transparent output operation when K is low for access of RAM 
data within the same cycle (output data is latched when K is high). 

The output enable (G) provides asynchronous bus control for common I/O or bank 
switch applications. 

Write operations are internally self-timed and initiated by the rising edge of the K input. 
This feature eliminates complex off-chip write pulse generation and provides increased 
flexibility for incoming signals. 

The MCM6295 is available in a 300-mil, 28-pin plastic DIP as well as a 300-mil, 28-pin 
plastic SOJ package. 


Single 5 V + 10% Power Supply 

Fast Access and Cycle Times: 25/30 ns Max 

Address, Data Input, and W Registers On-Chip 

Transparent Output Latch for Access Within the Same Cycle 

Output Enable for Asynchronous Bus Control 

High Output Drive Capability 

Internally Self-Timed Write Pulse Generation 

Separate Data Input and Data Output Pins 

High Board Density SOJ Package Available 

Typical Applications: General-Purpose Buffer Storage, Writeable Control Store, Data 
Cache, or Cache Tag 


A0-A13 ADDRESS 
| REGISTERS 


D0-D3 DATA | 7 
REGISTERS ; 





PIN ASSIGNMENT 


*For proper operation of the 
device, both Vss and Vssqo 
must be connected to ground. 


BLOCK DIAGRAM 


“1 ROW 
DECODERS 










16K x 4 
MEMORY MATRIX 
128 ROWS x 


512 COLUMNS Address Inputs 


a0 W Write Enable 
Output Enable 
Data Inputs 





4 | WRITE io a1 Data Outputs 

ENABLE | Clock Input 

REGISTER +5 V Power Supply 

| | a2 | Ground 

‘ CLOCK Output Buffer Ground 

' INPUT 03 

6 OUTPUT 
_ ENABLE 
BUFFER 
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TRUTH TABLE 

This device contains circuitry to protect the 
inputs against damage due to high static 
voltages or electric fields; however, it is ad- 
vised that normal precautions be taken to 
avoid application of any voltage higher than 
maximum rated voitages to this high- 
impedance circuit. 










[|W *i~~~«Cperation «YC 
ee 
Pee be fe ed ae 
ee 


NOTE: The value W is a valid input for the setup and hold times relative to the K rising 


edge. The value G is an asynchronous input. This is a synchronous device. All synchron- 
ABSOLUTE MAXIMUM RATINGS (Voltages referenced to Vss =Vssq=0 V) ous inputs must meet the specified setup 
and hold times with stable logic levels for 
ALL rising edges of clock (K) while the de- 
vice is selected. 










Value 


Power Supply Voltage —0.5 to +7.0 V 


VEC 
Voltage Relative to Vgs/Vssq for Any —0.5 to Vcc + 0.5 
Pin Except Vcc 
Output Current (per 1/0) +20 
Power Dissipation (Ta = 25°C) | Pp | 
Temperature Under Bias ~—10 to +85 


Operating Temperature 0 to +70 
Storage Temperature —55 to +125 


NOTE: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are 
exceeded. Functional operation should be restricted to RECOMMENDED 
OPERATING CONDITIONS. Exposure to higher than recommended voltages for 
extended periods of time could affect device reliability. 









This device contains circuitry that will en- 
sure the output devices are in High Z at 
power up. Care should be taken by the user 
to ensure that all clocks are at Viz or Viyj 
during power up to prevent spurious read 
cycles from occurring. 







° 


sls|sfe[e| < 





DC OPERATING CONDITIONS AND CHARACTERISTICS 
(Vcc =5.0 V + 10%, Ta=0 to 70°C, Unless Otherwise Noted) 


RECOMMENDED OPERATING CONDITIONS (Voltages referenced to Vgs =Vssa=0 V) 


Supply Voltage (Operating Voltage Range) | vec | 45 =| 50 | 





CC 
| 
[inputtow Voge TC 0 | 


¥Vi_ (min) = —0.5 V de; Vi, (min) = —3.0 V ac (pulse width <20 ns) 





DC CHARACTERISTICS 


PSS arate SSS~*dSCS yb Min (| Max | Unit 
input Leakage Current (Aline, Vig=Ot0 Voc) SSS gy) 
Output Leakage Current (S= Vins Vout=0%t0 Vcc, Outputs must be high | Wugioy | = | #10 | oA 
[AC Supply Curent (G= Vit lout=OmA, Cycle Time=tKukH min) ~~ —icca “| ‘| 40 [ma 
output Low Volage (iou=20ma) SS SSSC*~s~—~s SQ P= 
vor [| 24 [| - | v_| 








CAPACITANCE (f=1.0 MHz, dV=3.0 V, Ta =25°C, Periodically Sampled Rather Than 100% Tested) 


[SSCS RharaeterinticSSSS~*d;C*Syrmbod | ty [Max | Unit 
a 
FS 
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AC OPERATING CONDITIONS AND CHARACTERISTICS 
(Vcc =5.0 V + 10%, Ta=0 to +70°C, Unless Otherwise Noted) 


input Timing Measurement Reference Level ....... 1... 15V Output Timing Measurement Reference Level ........ -., 1.5V 
Input Pulse Levels ..... Shae Ae ai dee Sy Risa Mek Ne are Ba 0to 3.0 V Output Load.......... See Figure 1A Unless Otherwise Noted 
Input Rise/Fall Time ....... Oy ue Garbage Wty ecg aces +... 5ns 


READ CYCLE (See Note 1) 


. Parameter . 


Not 
he ae ae 
Read Cycle Time | tkukH | 25 | - | 30 | - | ns [| 2 | 


| Clock AccessTime = SC‘i(L:sCéKH |S — Ss] | C—O] 8 | os |] | 

| Data Valid from ClockLow CS CidE:Cstuqvs | — =| S10 | — S| S13 ons | 856 | 

Output Hold from Clock Low |e tkcox | o | - | o | —- | ns | 3,6 | 

Clock Low Pulse Width 
tKHKL 


L 
Clock High Pulse Width 


Setup Times for: tAVKH 
tWHKH 


| 5 
cd 
Hold Times for: tKHAX ae 7 
tKHWX 
ee 
t po | 
Hi al 








G High to Q High Z | | tgHoz _| 
G Low to O Active 
G Low to Q Valid tGLOV 


NOTES: 
1. A read is defined by W high for the setup and hold times. 

. All read cycle timing is referenced from K or from G. 

. Transition is measured +500 mV from steady-state voltage with load of Figure 1B. This parameter is sampled not 100% tested. 

. For Read Cycie 1 timing, clock high pulse width <(tkHQV—-tKLav). 

. For Read Cycle 2 timing, clock high pulse width = (tkHOV—tKLaY): 
K must be at a low level for outputs to transition, = 

. This is a synchronous device. All synchronous inputs must meet the specified setup and hold times with stable logic levels for ALL rising 
edges of clock (K) while the device is selected. . 

. At any given voltage and temperature, tgHQz max is less than tgLQx min, both for a given device and from device to device. 





NOONDWHN 


co 





AC TEST LOADS 


+5V +5V 
305 | | 305 
Q Q 
130 130 pF 130 5 pF 
(INCLUDING (INCLUDING 
SCOPE AND JIG) SCOPE AND JIG) 
Figure 1A Figure 1B 
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READ CYCLE 1 (See Note 1) 


sass XX* YYXXXKXKX =" XXRXXXXRKAE) 
‘| XZ 


PREVIOUS HIGH Z Xx) { 4) x) Qn+1 





a0-03 


READ CYCLE 2 (See Note 2) 


oon 
: - 


tAVKH | fe tKHAX 
tKHAX tAVKH 
gen SX XRLKERLEK KLEE 
tKHWL 


=| 


XT SSS 


tKLOV tKLOV 


NOTES: 
1. For Read Cycle 1 timing, clock high pulse width <(tkHOVy-tKLQV)- 
2. For Read Cycle 2 timing, clock high pulse width =(tkHOQVy-—tKLaV)- 
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WRITE CYCLE (W Controlled, See Note 1) 


Write Cycle Time 


Clock Low to Output High Z (W=Vj,) 


Wi] twWLKH 

D | tDVKH 
Hold Times for: A tKHAX 

D{ tKHDXx 
1 






NOTES: 

. Awrite is performed when W is low for the specified setup and hold times. 

. All write cycle timing is referenced from K. 

. K must be at a low level for outputs to transition. 

. G becomes a don’t care signal for successive writes after the first write cycle. 

. This is a synchronous device. Ail synchronous inputs must meet the specified setup and hold times with stable logic levels for ALL rising 
edges of clock (K) while the device is selected. 


oh WP 


tKHKL tKLKH 


4% 


ramon 2K XK KEKE XR 


a X 


wk PLLLLLLLL) ELITIST 


| Q0-03 PREVIOUS DATA HIGH Z 







MOTOROLA MEMORY DATA 


9-44 


MCM6295 





(G3ZWWHON) LNJHYND AlddNS JAL3V ‘VID; 


Ta, AMBIENT TEMPERATURE (°C) 


f, FREQUENCY (MHz) 


Figure 2. Active Supply Current versus Frequency 


Figure 3. Active Supply Current versus Temperature 





(v4) LNJHUND HOH LNdino ‘HO} 





Vout. OUTPUT VOLTAGE (VOLTS) 


Vout, OUTPUT VOLTAGE (VOLTS) 


Figure 5. Output Sink Current versus Output Voltage 


Figure 4. Output Source Current versus Output Voltage 





(Q3Z11VWHON) 3WIL 37949 Gvay ‘HAH; 


50 75 100 125 150 


25 
Tq, AMBIENT TEMPERATURE (°C) 





Ta, AMBIENT TEMPERATURE (°C) 


Figure 7. Clock Access Time versus Temperature 


Figure 6. Read Cycle Time versus Temperature 
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tg_ay. OUTPUT ENABLE TIME (NORMALIZED) 





Tq, AMBIENT TEMPERATURE (°C) 


Figure 8. Output Enable Time versus Temperature 


ORDERING INFORMATION 
(Order by Full Part Number) 


MCM 6295 X XX XX 
Motorola Memory Prefix Shipping Method (R2= Tape & Reel, Blank = Rails) 
Part Number Speed (25= 25 ns, 30 =30 ns) 
Package (P = 300 mil Plastic DIP, NJ = 300 mil SOJ) 


Full Part Numbers — MCM6295P25 MCM6295NJ25 MCM6295NJ25R2 
MCM6295P30 MCM6295NJ30 MCM6295NJ30R2 
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APPLICATIONS INFORMATION 


The Motorola family of synchronous SRAMs is designed to 
provide a performance and parts count advantage in appli- 
cations such as writeable control stores, memory mapping, 
and cache memory. The on-board input registers eliminate the 
need for external latch chips in systems where addresses and 
data are not on the bus long enough to satisfy standard SRAM 
setup and hold times. Latches on the output port provide 
extended hold times independent of address or other device 
input changes to better meet system access requirements. The 
clock (K) input controls the operation of the input registers 
and output latches, and provides a direct means of synchro- 
nizing the SRAM to a system clock. 

The MCM6295 offers transparent output operation, which 
allows output data access within the same tk HKH cycle. This 
feature lends itself well to applications requiring RAM data to 


SYSTEM 
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SYSTEM 
CLOCK 
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OUTPUT 
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*From read/write controller. 
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be set up on the system bus prior to the next rising clock edge. 
On the rising edge of the clock (K) signal, the output data for 
the previous cycle is latched until the next falling clock edge. 
When the clock (K) signal is low, the output is allowed to 
transition relative to the most recent rising clock (K) edge. 

Figure 9 shows a typical system configuration using four 
MCM6295 chips. The system addresses are tied to the 
MCM6295s in parailel, while system data is distributed among 
the four input data ports of 4 bits each. Output data is tied to 
a separate output data bus to exploit the separate I/O con- 
figuration of the MCM6295. The clock (K) signal is a logical 
derivation of the system clock. 

Figure 10 shows typical bus timing for the configuration of 
Figure 9. The system bus supplies address, data, and control 
signals, while accepting data from the memory on rising clock 
edges. In some applications, the clock (K) signal may need to 
be a delayed system clock to allow adequate address and data 
setup times. 


MCM6295 MCM6295 


Figure 9. Typical Configuration for a 16-Bit Bus 
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MiCM6295 CONTROL 
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NOTES: 


1. The system supplies address, data, and control information and accepts data from memory on the rising edge of the system clock. 
2. The memory clock is delayed 10 ns (for this example) to allow input information to propagate to the memory chips. 


Figure 10. Nonpipeline System Timing 
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Product Preview 


DSPRAM™ 
8K x 24 Bit Fast Static RAM 


The MCM56824 is a 196,608 bit static random access memory organized as FN PACKAGE 
8,192 words of 24 bits, fabricated using Motorola’s high-performance silicon- 52-LEAD PLCC 
gate CMOS technology. The device integrates an 8K x 24 SRAM core with CASE 778 
multiple chip enable inputs, output enable, and an externally controlled single 
address pin multiplexer. These functions allow for direct connection to the 
Motorola DSP56001 Digital Signal Processor and provide a very efficient means 
for implementation of a reduced parts count system requiring no additional 
interface logic. This device can also be used as three 8K x 8 SRAMs by holding 
V/S low. 

The availability of multiple chip enable (E1 and E2) and output 
enable (G) inputs provides for greater system flexibility when 
multiple devices are used. With either chip enable input 
unasserted, the device will enter standby mode, which is useful in 
low-power applications. A single on-chip multiplexer selects A12 
or X/Y as the highest order address input depending upon the 
state of the V/S control input. This feature allows one physical 
static RAM component to efficiently store program and vector or 
scalar operands. By connecting DSP56001 program memory select 
(PS) to the VECTOR/SCALAR (V/S) MUX control pin, such 
partitioning can occur with no additional components. This allows 
efficient utilization of the RAM resource regardless of operand 
type. Refer to the application diagrams at the end of this 
document for additional information. 

Multiple power and ground pins have been utilized to minimize 
effects induced by output noise. 





PIN ASSIGNMENT 












@ Single 5 V + 10% Power Supply 
e Fast Access and Cycle Times: 25/30/35 ns Max 
@ Fully Static Read and Write Operations 
@ Equal Address and Chip Enable Access Times Bho auete Address inputs 
@ On-Chip Single Address Multiplexer A12,X/Y ..... Multiplexed Address 
‘ . . : | V/S... Address Multiplexer Control 
e vis 
Active High and Active Low Chip Enabie Inputs 7 Te naa Wirite Enable 
@ Output Enable Controlled Three-State Outputs Pie oe ten eo Chip Enable 
@ High Board Density PLCC Package <n ue ae eee 
0-DQ23..... ata Input/Output 
@ Low-Power Standby Mode +5 V Power Supply 
@ Fully TTL Compatible 0 NG Bec c cece eee eee 
For proper operation of the device, 
DSPRAM is a trademark of Motorola, Inc. all Vsg pins must be connected to 


ground. 


This document contains information on a product under development. Motorola reserves the right to change or discontinue this product without notice. 
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MCM56824 


BLOCK DIAGRAM 


VIS 
- >a 
At2 | ae 
2T01 MUX 
AO > a 
| ROW 
e DECODER 


paz3 
Et 
E2 


O\=| 





| wiws| Mode _ 

| x | x | Not Selected 
xe | x | x | NotSelected 
|x| output disable | 
PH LH Xi 
ra 
ae 





—0.5 to 7.0 V 


07 
| =ostevoors |v 
| 
= °C 














Power Dissipation (Ta = 70°C, 1.25 
Vcc=5 V, tavay =50 ns) 
Temperature Under Bias -10 to +85 ee 


Operating Temperature TA 0 to +70 °C 


NOTE: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS 
are exceeded. Functional operation should be restricted to RECOM- 
MENDED OPERATING CONDITIONS. Exposure to higher than recom- 
mended voltages for extended periods of time could affect device reliability. 





Storage Temperature 
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Supply Current 


| Supply Current | 
Icc 
fice | ie | | Data Out Out 


Voc 
MEMORY ARRAY 
Vss 


512 ROWS X 
384 COLUMNS 







/O Status | 


High-Z 
| = High-Z | 


This device contains circuitry to protect 
the inputs against damage due to high 
static voltages or electric fields; how- 
ever, it is advised that normal precau- 
tions be taken to avoid application of 
any voltage higher than maximum rated 
voltages to this high-impedance circuit. 


This CMOS memory circuit has been de- 
signed to meet the dc and ac specifica- 
tions shown in the tables, after thermal 
equilibrium has been established. The 
circuit is assumed to be in a test socket 
or mounted on a printed circuit board 
with at least 300 LFPM of transverse air 
flow being maintained. 





MCM56824 


DC OPERATING CONDITIONS AND CHARACTERISTICS 
(Vcc =5.0 V + 10%, Ta=0 to + 70°C, Unless Otherwise Noted) 


RECOMMENDED OPERATING CONDITIONS (Voltages referenced to Vssg=0 V) 


[Parameter Symbol | in | Tw | Men | Unt 


input igh vote SSCS 2 | ee] 


Input Low Voltage 











¥Vi_ (min) = —3.0 V ac (pulse width <20 ns) 


DC CHARACTERISTICS 


Input Leakage Current (All Inputs, Vin =0 to Vcc) . 







Output Leakage Current (G=Vjy, E1=Vin, E2=ViL, Vout =0 to Vcc) 


AC Supply Current (G =VjH, E1 = Vit, E2=VIH, lout =O mA, 
All Other Inputs = Vj, =0.0 V or Vjyq =3.0 V) 














MCM56824-25: Cycle Time = 25 ns 
MCM56824-30: Cycle Time = 3 
MCM56824-35: Cycle Time = 3 





| CMOS Standby Current (E1 = Vcc —0.2 V, E2 < 0.2 V, 
All Inputs = Vcc —0.2 V or < 0.2 V) 


Output Low Voltage (Io, = +8.0 mA) 
Output High Voltage (IoH = — 4.0 mA) VOH 


CAPACITANCE (f= 1.0 MHz, dV=3.0 V, Ta =25°C, Periodically Sampled Rather Than 100% Tested) 


a 
TinpivOuputCapactance———=SC~“~‘“‘~*~*~*~*S*Ct | cu |e | 8 Pr 























AC TEST LOADS 


+5V +5V 
480 Q 480. 
Da pa 
30 pF (INCLUDING 5 pF (INCLUDING 
2552 SCOPE AND JIG) 255 Q SCOPE AND JIG) 
Figure 1A Figure 1B 
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AC OPERATING CONDITIONS AND CHARACTERISTICS 
(Vcc =5.0 V+ 10%, TA=0 to +70°C, Unless Otherwise Noted) 


Input Timing Measurement Reference Level ............. 1.5V Output Timing Reference Level ...............c cece nes 1.5V 
Input Pulse Levels.......... 0.0... cece cece eee ee eee 0to 3.0 V Output Load.......... See Figure 1A Unless Otherwise Noted 
Input Rise/Fall Time ............ ccc cece cece ee eee eee ...3ns 












READ CYCLE TIMING (See Notes 1, 2,3) | | | 
p j Symbol MCM56824-25 | MCM56824-30 | MCM56824-35 
arameter 
. 
[Read Cycle Time tRC 
Address Access Time taVOV | 
MUX Control Valid to Output Valid tvSVQV 
‘OE 
OH 


| | Min | Max | Min_| 
Read Cycle Time | tavav | tre ae ee 
| 25 | — | 30 
| oe ie 
bine "3 0 Ma Bl 
| tE2HOV_|__tac2 
| Output Enable to Output Valid | tguav | toe | — | 12 | — | 15 
al Hak 
: ae a 
il Ba 
Ra lh 


Output Active from Output Enable tGLax 
Output Hold from Address Change taxax | ton | 


| Output Hold from MUX Control tvSxax tVSOH 
Change 
{ Chip Enable to Output High Z tE1HOZ | tcHz | O 
tE2LQOZ 


Output Enable High to Output High Z} tGHaz | tonz | 0 | 


NOTES: a 

. Aread cycle is defined by W high. _ os 

. All read cycle timings are referenced from the last valid address or V/S transition to the first address or V/S transition. 

. Addresses and V/S valid prior to or coincident with E1 going low or E2 going high. 

. E1 in the timing diagrams represents both E1 and E2 with E1 asserted low and E2 asserted high. 

. Transition is measured +500 mV from steady-state voltage with load of Figure 1B. This parameter is sampled and not 100% 
tested. At any given voltage and temperature, te1HQz max is less than teyLQx min, tE2LQzZ Max is less than tegHQxX Min, and 
tGHOZ Max is less than tgLQx min for a given device and from device to device. 


ari 
2 . 

5 - 

5 | 


| Max_| 
| | 25 ae 
a 302. 
a lad 
fa | 15 | 
Latin 2 M al 
tE2HOX 
! 2 Eien Ie 
| 5 ie 
Wl Se Hel al 





ahwn— 





READ CYCLE 


TAVAV 


tAVQV | mr tAXOX 


E1 (CHIP ENABLE) 









'EILQV 


= 'GLOV 
G (OUTPUT ENABLE) 


ee HIGH-Z 
Q(DATAOUT) — 3 


tE1LOX 
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WRITE CYCLE TIMING, WRITE ENABLE INITIATED (See Note 1) 


Sane [_Symbot_—__[ Mows6826-25 
r r 
Standard | Alternate 


Write Cycle Time tAVAV 
Address Setup Time tAVWL 


Address Valid to End of Write tAVWH 20 
MUX Control Valid to End of Write | tysvwH 20 
Write Pulse Width tWLWH 15 


'WLE2L 
tE2HWH 


10 
[Data Hold Time st twHx | ton 
2 


NOTES: 
1. A.write cycle starts at the latest transition of E1 low, W low, or E2 high. A write cycle ends at the earliest transition of E1 high, 
W high, or E2 low. 2 
. Write must be high for all address and V/S transitions. 
. If W goes low coincident with or prior to E1_ low or E2 high the outputs will remain in a high-impedance state. 
. E1 in the timing diagrams represents both E1 and E2 with E1 asserted low and E2 asserted high. 


. During this time the output pins may be in the output state. Signals of opposite phase must not be applied to the outputs at 
this time. 


. Transition is measured +500 mV from steady-state voltage with load of Figure 1B. This prameter is sampled and not 100% 
tested. At any given voltage and temperature, te7HQz max is less than teyLQx min, teE2LQZ Max is less than tegHQx min, and 
tGHQZ max is less than tgLQx min for a given device and from device to device. 











MCM56824-30 | MCM56824-35 
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W INITIATED WRITE CYCLE 












tAVAV 
| yer tWHAX 
tWHVSX 
Ei (CHIP ENABLE) 
W (WRITE ENABLE) 
TAL 
sarin RXXKKKKKKKK ween KKXKXKK 
'WEQZ 
Q (DATA OUT) lila (X X X On) 


'WLE1H 
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WRITE CYCLE TIMING, CHIP ENABLE INITIATED (See Note 1) 


| Pa t | ss Symbol MCM56824-25 | MCM56824-30 | MCM56824-35 
rameter — 
impel Alternate | Min | 








t | Min | 
| 30 | — | 35 | 
aa 

tAVE2H 
tVSVE2H 
tAVE2L 
tVSVE2L 
t 
t 


oe 
ia A fl Md 
et lH No Be 
Bd Ha Hd ea al 
JE2HE2L ae 
'DVE2L ; 
lic A a 
tE2LDX | 
ea 


) tE2LAX 
ee 
| tE2LVSX | 


NOTES: 
1. A.write cycle starts at the latest transition of E17 low, W low, or E2 high. A write cycle ends at the earliest transition of E1 high, 
W high, or E2 low. ae — ; 
2. E1in the timing diagrams represents both E1 and E2 with E1 asserted low and E2 asserted high. 
3. If W goes low coincident with or prior to E71 low or E2 high the outputs will remain in a high-impedance state. 
4 


. During this time the output pins may be in the output state. Signals of opposite phase must not be applied to the outputs at 
this time. 


is heed Lad 
ie ee ee 
ee Rok Si 
ine at 
tea Baal ack 
Sat Bed el 
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E1 OR E2 INITIATED WRITE CYCLE 


tAVAV 





A(ADDRESS) 


V/S (MUX CONTROL) 


E1 (CHIP ENABLE) 





'VSVEIL—> 
'AVEIL 


W (WRITE ENABLE) 





D (DATAIN) 


XXXXKKKKKKKIDOK 1a? OK XXXXXKKKX 


HIGH-Z 
Q (DATA OUT) 
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DSP56001/MCM56824 One-Chip Memory Solution 
(4K Program/2K X-Data/2K Y-Data) 





BLOCK DIAGRAM MEMORY MAP 


CSP56001/MCM56824 Two-Chip Memory Solution 
(8K Program/4K X-Data/4K Y-Data) 





BLOCK DIAGRAM MEMORY MAP 


NOTE: E2 may be connected to a DSP56001 high-order address bit to eliminate internal/external memory overlap. 
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MCM56824 





BLOCK DIAGRAM 





MEMORY MAPS 


The DSPRAM may be dynamically repartitioned by connecting DSP56001 address A15 to V/S. 
This allows for software control of the relative sizes of the program and X and/or Y data spaces. 


ORDERING INFORMATION 
(Order by Full Part Number) 


MCM 56824 XX XX 
| TL 
Motorola Memory Prefix Speed (25=25 ns, 30=30 ns, 35=35 ns) 
Part Number Package (FN =PLCC) 


Full Part Numbers — MCM56824FN25 MCM56824FN30 MCM56824FN35 
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a SEMICONDUCTOR @& 
TECHNICAL DATA 


Product Preview MCM62110 


32K x 9 Bit Synchronous Dual I/O 
Fast Static RAM with Parity Checker 


The MCM62110 is a 294,912 bit synchronous static random access memory organized 
as 32,768 words of 9 bits, fabricated using Motorola’s high-performance silicon-gate 
CMOS technology. The device integrates a 32K x 9 SRAM core with advanced peripheral 
circuitry consisting of address registers, two sets of input data registers, two sets of out- 
put latches, active high and active low chip enables, and a parity checker. The RAM 
checks odd parity during RAM read cycles. The data parity error (DPE) output is an open FN PACKAGE 
drain type output which indicates the result of this check. This device has increased out- PLASTIC 
put drive capability supported by multiple power pins. In addition, the output levels can be cere 
either 3.3 V or 5 V TTL compatible by choice of the appropriate output bus power supply. 

The device has both asynchronous and synchronous inputs. Asynchronous PIN ASSIGNMENT 
inputs include the processor output enable (POE), system output enable (SOE), pos pus |S |S EE 2 ae oe ash Ge a 
and the clock (K). RN ONAN ee ee 

The address (AO—A14) and chip enable (E1 and E2) inputs are 52 51 50 49 48 “ee 








synchronous and are registered on the falling edge of K. Write enable PDGP 
(W), processor input enable (PIE) and system input enable (SIE) are SDOP 
registered on the rising edge of K. Writes to the RAM are self-timed. Vssq 
All data inputs/outputs, PDQO-PDQ7, SDQO0-SDQ7, PDQP, and PDQ6 
SDQP have input data registers triggered by the rising edge of the Spas 
clock. These pins also have three-state output latches which are 
transparent during the high level of the clock and latched during the low Veca 
level of the clock. PDOQ4 
This device has a special feature which allows data to be passed SDQ4 
through the RAM between the system and processor ports in either Ppa? 
direction. This streaming is accomplished by latching in data from one SDQ2 
port and asynchronously output enabling the other port. It is also 
possible to write to the RAM while streaming. Yssq 
Additional power supply pins have been utilized for maximum PDQ0 
performance. The output buffer power (Vc¢Cq) and ground pins 95 26 07 28 29 3 SDQO 


(Vssq) are electrically isolated from Vsg and Vcc, and supply power = = 
and ground only to the output buffers. This allows connecting the = 
output buffers to 3.3 V instead of 5.0 V if desired. If 3.3 V output levels 
are chosen, the output buffer impedance in the “high” state is 
approximately equal to the impedance in the “low” state thereby 
allowing simplified transmission line terminations. 





Ae ae eae Address Inputs 





The MCM62110 will be available in a 52 pin plastic leaded chip carrier (PLCC). ee hee 
This device is ideally suited for pipelined systems and systems with multiple | E1............ Active Low Chip Enable 
data buses and multiprocessing systems, where a local processor has a bus Ee eee eee Active High Chip Enable 
isolated fromacommonsystembus. © | RIED ries Ee Input Enable 
Bee eg eet AAP eas, Soha tay Dut OE tae eaten ey ystem Input Enable 
e SingleSV+10% Power Supply BOE cee Processor Output Enable 
e Choice of 5 V or 3.3 V + 10% Power Supplies for Output Level Compatibility SOE. nso weektes System Output Enable 
e Fast Access and Cycle Times: 15/20nsMax DPE Lee eee eee Data Parity Error 
e Self-Timed Write Cycles | PDQO-DPQ7 ...... Processor Data I/O 
e Clock Controlled OutputLatches J PDQP........5: Processor Data Parity 
e Address, Chip Enable, andDatalnput Registers = —s—<—s RISD eee System Data /O 
e Common DatalnputsandDataOutputs IRIN wn ns oy power cies 
e Dual I/O for Separate Processor and Memory Buses C ...... Output Butter eae Supply 
¢ Separate Output Enable Controlled Three-State Outputs VG eee eee eee Output Buffer Ground 
¢ Odd Parity Checker during Reads key ew Pi ees ee ye sss MSS obs headteacher Ground 
e Open Drain Output on Data Parity Error (DPE) Allowing Wire-ORing of Outputs ; 
e High Output Drive Capability: 85 pF/Output at Rated Access Time All power supply and ground pins must be 
e High Board Density 52 Lead PLCC Package nares bert mathe the device. 
e Active High and Low Chip Enables for Easy Memory Depth Expansion eGo CEO ata mimeeinicl ein Power up: 


This document contains information on a product under development. Motorola reserves the right to change or discontinue this product without notice. 
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m 
50 


BLOCK DIAGRAM 


PE PDQ0-PDQ7, PD@P POE 


DATA 
K REGISTER 
DATA els 
PARITY REGISTER LATCH 
CHECK 












A0-A14 > 
32K X 9 ARRAY : 
© 
WRITE 
DRIVER fhe te see Samal 
jam oO 
Luu 
| eed 
(op) 
O SENSE DATA ae 
= oc AMPLIFIER REGISTER 
W 
E1 
E2 
PIE eee 
SIE — §DQ0-SDQ7, SDAP SOE 





ssinenie REES RB 
Memory Subsystem Cycle | PDQP Output SDQP Output 
Parity Out 
Parity Out 
| 0 | 0 | Read} dualBusRead | DataOut_| Data Out __ ae 
Px [| x [wat Nop [High | High 
| + [| 1 | Read aes Cee ae ee 
px | x [wat Nop | 
i 
ate 





Pix | cass nas | Sewn | 
Sc 
a a a 








_A ‘0’ represents an input voltage S V\,_ anda ‘1’ represents an input voltage 2 Vj}. All inputs must satisfy the specified setup and hold times for 


the falling or rising edge of K. Some entries in this truth table represent latched values. This table assumes that the chip is selected (i.e., E1=0 
and E2 = 1) and Vcc current is equal to Ioca. If this is not true, the chip will be in standby mode, the Voc current will equal Igg 4 or Isg2 DPE 
will default to 1 and all RAM outputs will be in High-Z. Other possible combinations of control inputs not covered by this note or the table above 


are not supported and the RAMs behavior is not specified. 


o1 f& © PM 


ba OP) 


. Aread cycle is defined as a cycle where data is driven on the internal data bus by the RAM. 

. DPE is registered on the rising edge of K at the beginning of the following clock cycle 

. No RAM cycle is performed. 

. Awrite cycle is defined as a cycle where data is driven onto the internal data bus through one of the data I/O ports (PDQ0-PDQ7 and PDQP 


or SDQO0-SDQ7 and SPDQ), and written into the RAM. 


. Datais driven on the internal data bus by one I/O port through its data input register and latched into the data output latch of the other I/O port. 
. Data contention will occur. 


8. Ifeither IE signal is sampled low on the rising edge of clock, the corresponding OE is adon’t care, and the corresponding outputs are High—Z. 
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PARITY CHECKER 


Parity Scheme 


E1 = VIH and/or E2=Viyp 





RAMP = RAMO ® RAM1 @...® RAM7 
RAMP # RAMO @ RAM1 @...@® RAM7 


NOTE: RAMP, RAMO, RAM1..., refer to the data that is present on the RAMs internal bus, 
not necessarily data that resides in the RAM array. DPE is always delayed one clock, and is 
registered on the rising edge of K at the beginning of the following clock cycle (see AC 
CHARACTERISTICS). 





ABSOLUTE MAXIMUM RATINGS (Voltages referenced to Vss = Vssq = 0 V) 


[symbot_ | Vaue | Unt 
Voltage Relative to Vgs/Vssq for Any 
Pin Except Vcc and Vccaq 
Output Current (per I/O) + 
eo 


Power Dissipation (Ta = 70°C) 


Temperature Under Bias — 10 to + 85 


NOTE: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are exceeded. 
Functional operation should be restricted to RECOMMENDED OPERATING CONDITIONS. 
Exposure to higher than recommended voltages for extended periods of time could affect 
device reliability. 


Storage Temperature 





CAPACITIVE LOAD EQUIVALENT RESISTANCE 


i=C x dvV/dt 


dt 4.25 x 107 


l= Vout /90 
sane.” 


——— 
Vout 85 pF Vout = 
425 ns | 


50 


This device contains circuitry to pro- 
tect the inputs against damage due 
to high static voltages or electric 
fields; however, itis advised that nor- 
mal precautions to taken to avoid 
application of any voltage higher 
than maximum rated voltages to this 
high-impedance circuit. 


This CMOS memory circuit has 
been designed to meet the dc and ac 
specifications shown in the tables, 
after thermal equilibrium has been 
established. 


This device contains circuitry that 


will ensure the output devices are in 
High-Z at power up. 


50 Q 


dV 4V 
0x Sos nso? (A =80mA i= t= 5 =80mA 


85 pF load is equivalent to a 50 Q2 termination 
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MCM62110 


DC OPERATING CONDITIONS AND CHARACTERISTICS 
(Voc = 5.0 V + 10%, Vocq = 5.0 V or 3.3 V t 10%, Ta = 0 to + 70°C, Unless Otherwise Noted) 


RECOMMENDED OPERATING CONDITIONS (Voltages referenced to Vss = Vgsq = 0 — 


Symba 
Supply Voltage (Operating Voltage Range) 


‘4, 5 
Output Buffer Supply Voltage 
(5.0 V TTL Compatible) 


5.0 
= 
5.0. 
(3.3 V 50 Q Compatible) 3.3 


Input High Voltage | Vin Nc: +03 


| Input Low Voltage Vib —0.5* 
*ViL (min) = 3.0 V ac (pulse width < 20 ns) 







DC CHARACTERISTICS 


Parameter Symbol 


Input Leakage Current (All Inputs, Vin = 0 to Vcc) - enn 


AC Supply Current (SOE = POE = Vj, , All Inputs = Vy or Vip, ne 
Vit = 0.0 V and Vip 2 3.0 V, loyt = 0 MA, MCM62110-15: tkyKH = 15 ns 
Cycle Time 2 tkiyKH min) MCM62110-20: tkyKH = 20 ns 





3 
> 


TTL Standby Current (Voc = Max, E1 = Vip or E2 = Vi) IsBi 


CMOS Standby Current (Voc = Max, f = 0 MHz, E1 = Viy or E2 = Vj_, IsBo 
Vin S$ Vss + 0.2 V or 2 Voc -0.2 V) 


Output Low Voltage (Io. = + 8.0 mA, DPE: Ic, = +32.0 mA) 


Output High Voltage (Igy = — 4.0 mA) 


ae 
© Po 
Oo © 

i EE 

aio 

oO © 

3/E Ir 

Spt Ope 


3 
> 


Characteristic 
Input Capacitance (all Pins Expect !/Os) 
Input/Output Capacitance (PDQ0—-PDQ7, SDQO0-SDQ7, PDQP, SDQP) 





Data Parity Error Output Capacitance (DPE) 


AC TEST LOADS 
+5V +5V +5V 
480 480 200 
DQ DQ DPE 
205 85 pF 255 5 pF 50 pF 
(INCLUDING (INCLUDING 
SCOPE AND JIG) SCOPE AND JIG) 
Figure 1A Figure 1B Figure 1C 


MOTOROLA MEMORY DATA 


9-60 


MCM62110 


AC OPERATING CONDITIONS AND CHARACTERISTICS 
(Vcc = 5.0 V + 10%, Vocq = 5.0 V or 3.3 V + 10%, Ta = 0 to + 70°C, Unless Otherwise Noted) 


Input Timing Measurement Reference Level ............... 1.5V Output Measurement Timing Level ...................... 1.5V 
Input Pulse Levels ......... 00.0... cece eect ees 0to3.0V Output Load ............. See Figure 1A Unless Otherwise Noted 
Input Rise/Fall Time ... occ cece secs cad oeed head wwe eeas 3 ns 


Read Cycie (See Note 1) 


Symbol 


[Read Cycle Time Clock High to ClockHigh tk | 18 | — | 20 | ~ | ns | 2 
[Clock Low Pulse With | tk | S| | 8 | = | os | 
[Clock High Pulse width Lt | 7] | = | 7 | = os | 
[Clock Access Time Clock Lowto Output Vaid | ty | = | 15 | — | 20 | 


Setup Times: tAVKL 
tWHKH 
tEVKL 

tPIEHKH 

tSIEHKH 
tPOEVKH 
tSOEVKH 


























Hold Times: 









tSOEHQZ 

Output Enable Low to Q Active 
'SOELQX 
tSOELQV 





1. A read is defined by W high for the setup and hold times. 

2. All read cycle timing is referenced from K, SOE, or POE. 

3. For Read Cycle 1 timing, clock low pulse width < (tkLay — tKHQV)- 

4. K must be at a high level for outputs to transition. 

5. DPE is valid exactly one clock cycle after the output data is valid. 

6. For Read Cycle 2 timing, clock low pulse width 2 (tkLQv — tKHQV). 

7. Transition is measured + 500 mV from steady-state voltage with output load of Figure 1B. This parameter is sampled and not 100% tested. At 
any given voltage and temperature, tx}4Qz is less than tkHQx: tPOEHQZ iS less than tpoEL_Qx for agiven device, and tgogeHazis less than 
tSOELQx for a given device. 

8. These read cycle timings guarantee proper parity operation. 
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READ CYCLE (See Note) 


t KHKH | 
{KLKH UKHKL 





—- ~TKLAX 
tAVKL 


w+ XK RXXXRRXRRKRRK = XRG 


= VV VY yaaa, : YYVYVY 
aa As aL XXX A AXXXXKN | Mi XA 
| ia KLEX | 


«= ROE XX _ AKC 















| i— are | | | 
S000 I IL 
t KHSIEX 
| (SIEHKH | 
= 4 \ 
= YOXKEKE | RXKEKKY  XXXKKEY 
a 'KHWX | | 
vse : | 
WA RAY XX 
rt! POEVKH 
= rt tKHPOEX : : 
tPOELOX : | - ' POEHQZ 
| +*tk.av ! fp set 
PDQO-PDQ7, PDOP ! #.9,6 fa] ) 


_ tKHav> 


| tkHaz | 
spa0-SDQ7, SDAP : COC Coe Hee XX 
| 


IKHDPEV: : tKHOX | | 


NOTE: DPE is valid exactly one clock cycle after the output data is valid. 
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WRITE CYCLE (See Note 1) 


MCM62110-15 MCM62110-20 
Parameter Symbol | Min Notes 
2 


Write Cycle Times tKHKH 

Clock Low Pulse Width {KLKH 

Clock High Pulse Width 'KHKL | — | 

Clock High to DPE Valid (KHDPEV Se 
3 


Clock High to Output High-Z (W = Vi, and SIE = PIE = Vjy) 
Setup Times: 










SIE 
SDQ0-SDQ7, SDQP, PDQO-PDQ7, PDQP 






Hold Times: 


SDQ0-SDQ7, SDQP, PDQO0-PDQ7, PDQP 
Write with Streaming (PIE = SOE = Vj or SIE = POE = Vj,) 
Clock High to Output Valid 
NOTES: 
1. Awrite is performed with W = Vj, E1 = Vi_, E2 = Vip for the specified setup and hold times and either PIE = Vj__or SIE = Vic. If both PIE = Vi_ 
and SIE = Vi, or PIE = Viy and SIE = Vjp, then this is treated like a NOP and no write is performed. 
2. All write cycle timings are referenced from K. 
3. DPE is valid exactly one clock cycle after the data is written. 
4. K must be at a high level for the outputs to transition. 
5. Transition is measured + 500 mV from steady-state voltage with output load of Figure 1B. This parameter is sampled and not 100% tested. At 
any given voltage and temperature, tx14Qz is less than tkyOx for a given device. 
6. Awrite with streaming is defined as a write cycle which writes data from one data bus to the array and outputs the same data onto the other data 
bus. 





pe 
pk 
n 








MOTOROLA MEMORY DATA. 


9-63 


MCM62110 


WRITE CYCLE (See Note) 








hapa ini inl 
= WO AOD ra AOE 


aay 
aN KV aaa VV WV wa 
| a XXX ha XX) 


X¥ 
re cro als XXXXXY 









= OR 


me 


OX 


= 


POE] 





PDQ0-PDQ7, PDQP 
SDQ0-SDQ7, SDQP 


DPE 


NOTE: DPE is valid exactly one clock cycle after the output data is written. 
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STREAM CYCLE (See Note 1) 


rae Fe 


Stream Cycle Time | tkHKH | 











Clock High to DPE Valid 


Setup Times: 







Hold Times: 





tKHSIEX 
SDQ0-SDQ7, SDP, PDQ0-PDQ7, PDQP tKHD 


Output Enable High to Q High-Z 
tSOEHQZ 
tSOELQX 
tSOELQV 


NOTES: 
1. A stream cycle is defined as a cycle where data is passed from one data bus to the other data bus. 
2. All stream cycle timing is referenced from K. 
3. DPE is valid exactly one clock cycle after the data outputs are valid. 
4. Transitionis measured + 500 mV from steady-state voltage with output load of Figure 1B. This parameter is sampled and not 100% tested. At 


any given voltage and temperature, tpoEHQz is less than tpoELQx: tsOEHQZ's less than tgoELQx, and tkHQz is less than txpyQx fora 
given device. 


















MOTOROLA MEMORY DATA 


9-65 


MCM62110 


STREAM CYCLE (See Note) 
| ; 'KHKH 
ye Peas AE Bae Vie | | 
(40+ XXXXXX) 


HOON GENO 
eS ATE AKXEXR 
Wy Say ra HY 
re cei ae Bonny OO | 
YOY a aE a CREE 


'KHWX 
W al =i nae XX) KY 
POE 


PDQO-PDQ7, PDOP ati Qn +1 (STREAMED) XX) 
$DQ0-SDQ7, SDP pron 4 : (X a 


DPE [ney DPEn-1 


NOTE: DPE is valid exactly one clock cycle after the output data is valid. 


A0-14 XK) Cn YY rine 


a 


XX | AXXKXMA 











je) 


SOE 


© 
m 





ORDERING INFORMATION 
(Order by Full Part Number) 


62110 x 
Motorola Memory ee i i ta Speed (15 = 15 ns, 20 = 20 ns) 
Part Number Package (FN = PLCC) 
Full Part Number - MCM62110FN15 MCM62110FN20 
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MOTOROLA 


a SEMICONDUCTOR 
TECHNICAL DATA 





| , , , : , ; P PACKAGE 


300 MIL PLASTIC 
CASE 724 


ge J PACKAGE 
300 MIL SOJ 


CASE 810A 


4K x 4 Bit Cache Address Tag 
Comparator 
with System Status Bit Functions 





The MCM62350 is a 16,384 bit cache address tag comparator organized as 4096 tags 
of 4 bits, fabricated using Motorola’s high-performance silicon-gate CMOS technology. 
The device integrates a 4K x 4 SRAM core, an on-board comparator, and special pin 
functions for tag valid and system status bit applications. These functions allow easy 
interface to the MC68020 and MC68030 microprocessors, or any other environment 
where efficient implementation of external cache memory is required. The MCM62350 is 
available in 24 lead plastic DIP and SOJ packages. 

The device has a reset (R) pin for flash clear of the RAM within two minimum cycles. 
This function is useful for system initialization. Individual bits within a tag field can be 
set or cleared via the BSET and BCLR control input pins for valid bit updates. 

The MCM62350 has two configurable comparator modes. The comparator can be con- 
figured as standard XNOR (exclusive NOR) for address tag comparison, or AOI (AND- 
OR-Invert) for determining whether specific bits in the 4-bit word are set (for system 
status bit applications). In addition, the MATCH output can be programmed as true high 
or true low for potential logic delay savings. The configuration of these modes is accom- 
plished by performing a write cycle with the R pin held low. 


Single 5 V + 10% Power Supply 
Fast Address to MATCH Time; 20/22/25 ns max 
Fast Data to MATCH Time; 10/10/12 ns max 
Fast Read of Tag RAM Contents; 22/25/30 ns max 
Flash Clear of the Tag RAM 
Programmable Active Output Level of MATCH 
Bit Manipulation of Tags via BSET and BCLR Writes 
Configurable Comparator Modes: 

XNOR Mode for Address Tag Comparison 

AOI Mode for System Valid Bit Comparison — 













PIN ASSIGNMENT 





BLOCK DIAGRAM BSET 7 13 [] MATCH 


ROW 
A0-A6 } ADDRESS }— Bscle MEMORY 
BUFFER MATRIX 


128 ROWS 
CLEAR 
SUFFER 7 x 128 COLUMNS 
CONFIG. CONFIG. 
LATCHES es a 4BIT | Bit Clear Control Input 
COMPARATOR eaten 








Address Inputs 







CONTROL 





DATA Bit Set Control Input 
po0-pa3 A OUTPUT Reset (Flash Clear) Input 
BUFFER MATCH (Hit) Output 
Data Input/Output 
a it el | +5 V Power pene 
W | ld COLUMN See 
__ [CHIP BUFFER DECODER 
S| SELECT 
____ |__BUFFER_] BIT 
BSET SET 


BCLR-B BIT CLEAR ) > A 
BUFFER | 
. COLUMN 


A7-A11 | ADDRESS 
5 BUFFER 
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MCM62350 


SIGNAL DESCRIPTIONS 


A0-A11—ADDRESS INPUTS 


The address lines are used for indexing into the tag RAM 
portion of the chip. 


DQ0-DQ3— DATA INPUT/OUTPUT 


The data lines are used as input for compare, write, and 
configuration cycles, and as output for read cycles. 


BSET—BIT SET CONTROL INPUT 


This control signal is used for ORing data into the tag RAM 
during BSET write cycles. Independent bits within the tag can 
be set using the appropriate mask, as indicated in the bit set 
truth table. The BSET input can also be used to initiate a read 
cycle. 





. BCLR—BIT CLEAR CONTROL INPUT 


This control signal is used for ANDing the complement of 
data into the tag RAM during BCLR write cycles. Independent 
bits within the tag can be cleared using the appropriate mask, 


FUNCTIONAL TRUTH TABLE 











Compare Din 
Read Dout 
Read Dout 
Write Din 

Bit Clear Mask 
Bit Set Mask 
High-Z 

Config Din* 
High-Z 


*DQ2 and DQ3 are don’t cares during a configuration cycle. 





erxcr rere 
ereeersss|e 
| wo 
xx xX Oro Ke Tipe 

| 
ee 
pccesssss|n 





COMPARATOR BEHAVIORAL TABLE 


RAMQ2 





BIT CLEAR TRUTH TABLE (See Note) 
Data Initial Final 
In Stored Data | Stored Data 
Bit 
Unchanged 





Bit Cleared 
_| to “Zero” 


_ NOTE: These tables reflect the behavior of single bit positions. 
The four bits in the tag can all be set or cleared in tandem, 
or bits within the tag can be independently set or cleared 
with the appropriate mask. 


CONFIGURATION TABLE 


pac-paa_| MATGH | _Oycle 


as indicated in the bit clear truth table. The BCLR input can 
also be used to initiate a read cycle (note that at least one of 
the BSET/BCLR signals must be asserted to trigger a read 
cycle), — . 


R—RESET (FLASH CLEAR) INPUT 

The reset control signal is used to initiate a clear cycle or a 
configuration cycle. 
S—CHIP SELECT 

This control signal is used to chip select the device. 


W— WRITE ENABLE 
The write enable signal is used to initiate write cycles. 


MATCH— MATCH (HIT) OUTPUT 


- This output signal is used to indicate a match of DO0-DQ3°' 
inputs with the contents of the tag RAM addressed by AO— 
_ Alt. 












Compare 
Read 

Read 

Write 

BCLR Write 
BSET Write 
Clear (Reset) 
Configuration 
Deselect 




























L=Low 
H=High 

0= False 
1=True 

X= Don’t Care 


T 
Initial Final 
Stored Data | Stored Data 







0 Bit 
| 0 | - Unchanged 
Bit Set 





1 


to “One” 
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MCM62350 









ABSOLUTE MAXIMUM RATINGS (Voltages referenced to Vgs =0 V) 
Value 





Power Supply Voltage 


This device contains circuitry to protect the 
inputs against damage due to high static 
voltages or electric fields; however, it is ad- 
vised that normal precautions be taken to 


Voltage Relative to Vsg for Any Pin 


Except Vcc avoid application of any voltage higher than 


maximum rated voitages to this high imped- 
ance circuit. 


Vv 
-0.5 to Vee + 0.5 
Output Current 


MATCH Output 
1/O Pins, Per 1/O 


[Power Dissipation Ta=25°C) | Pp 


NOTE: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are 
exceeded. Functional operation should be restricted to RECOMMENDED OPER- 
ATING CONDITIONS. Exposure to higher than recommended voltages for extended 
periods of time could affect device reliability. 










The power supply (Vcc) should be stable 
for at least 100 us before operating the de- 
vice. During this inverval, the part will in- 
ternally configure itself for XNOR compares, 
with the MATCH output active high. In ad- 
dition, the memory array of RAM bits will 
be cleared. 


H H 


Oto+70 | © 


05 to +70 
A 


a 


: 





DC OPERATING CONDITIONS AND CHARACTERISTICS 
(Vcc =5.0 V +10%, Ta =0 to 70°C, Unless Otherwise Noted) 


RECOMMENDED OPERATING CONDITIONS (Referenced to Vss =0 V) 





*Vi_ min= —0.5 V de; Vi. min= —3.0 V ac (pulse width <20 ns) 


DC CHARACTERISTICS 


Input Leakage Current (All inputs Vin =0 to Vcc) | 7 | Itka tt) —_| 0 | hl 
Output Leakage Current, Except MATCH Output (S=ViH, Vout=0 to Vcc) _ | | tng) |  — | +10 | pA | 















Output Low Voltage (1/0 Pins: Io, =8.0 mA, MATCH Output: Io, = 12.0 mA) _ 
= — 10.0 mA) 


dissipation of the device. Good decoupling of the local power supply should always be used. 


CAPACITANCE (f= 1.0 MHz, dV=3.0 V, Ta =25°C, Periodically Sampled Rather Than 100% Tested) | 
Pp Characteristic |S Symbol | Typ 
Input Capacitance 






1/0 Capacitance 
MATCH Output Capacitance 


AC TEST LOADS 


+5V +5V +5V 
481 481 305 
a a MATCH 
255 30 pF 255 5 pF 130 50 pF 
(INCLUDING (INCLUDING (INCLUDING 
SCOPE AND JIG) SCOPE AND JIG) SCOPE AND JIG) 
Figure ta Figure 1b Figure 1c 
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MCM62350 


AC OPERATING CONDITIONS AND CHARACTERISTICS 
(Vcc =5 V +10%, Ta=0 to +70°C, Unless Otherwise Noted) 


input Timing Measurement Reference Level. .......... 1.5V. Output Timing Measurement Reference Level ......... 1.5V 
Input Pulse Levels .......0.2. 2.002 ee eee ee ee 0 to 3.0 V Output Load (1/0 Pins) ..........0000007 See Figure 1a 
input Rise/Fall Time... 0... ee eee tt te es 5 ns Output Load (MATCH Output) ............. See Figure 1c 


MCMé2360-20 | MCM6Z360- 


READ CYCLE (See Notes 1 and 2) 


Characteristic aI 
| emettte | sa ae 









| Read Cycle Time tAVAV 22 | — | 


| Address Access Time tavavV 
‘| Select Access Time | tSLOv 


BSET Access Time tBSLOV 


BCLR Access | | | = 
taxax | 
[select Low to Output Active | teox | tos._| 8 
BSET/BCLR Low to Output Active | tasuax/tecrox| uz | 7 | — | 
[S High to Output Highz |S tsoz —|stcsz_-| — | 8 
|BSET/BCLR High to Output HighZ —_—[tpsHoz/tecHaz| Hz | —_| 
ET/BCL 


[BSET/BCLR Low to MATCH Assert  tasumx/tecimx] tcy | o | 16 | o | 15 | 0 | 


NOTES: 
1. R=Vin, W=Vip continuously during read cycles. One of either BSET or BCLR pins must be asserted low to activate the outputs. The 
MATCH output becomes asserted when either the BSET or BCLR pin transitions low. 
2. MATCH assertion is always shown high for distinction between asserted and valid. 
3. For brevity in signal names, BC is used to represent BCLR transitions, while BS is used to represent BSET transitions. 
4. Transition is measured +500 mV from steady state voltage with load of Figure 1b. This parameter is sampled and not 100% tested. 


i | 
' rm 
[BCLR Access Time = “ss| Stacy | tac 
i 





READ CYCLE 
(ADDRESS CONTROLLED) (S CONTROLLED) 


——— tAVAV 









A (ADDRESS) 
tavav zo] at—pot— tAXOX 
§ (CHIP SELECT) S=Vy) 
tBSLOX 
tasLav 
BSET (BIT SET) | 
tBSLMX 


tacLlav — 


tBCLOX br 
tBCLMX ame ; 


Q (DATA OUT) ——=-—HIGH-Z 


BCLR (BIT CLEAR) 








(ASSERTED) 


MATCH MATCH VALID (ASSERTED) 
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COMPARE CYCLE (See Notes 1 and 2) 


Ch ite Symbol MCM62350-20 
aracteristic 
Standard 


Min 
[conpare Gries tay | te | 












Am Vaid MATER Vala [twa | aca 1 = 
Cec a 
oes a Ba 
acim Gam one iouat al 
ac natnenios met Noe ome oa 
S High to MATCH Assert | tsumx | stcn_ =| 0 

Laos 

bat: 






BCLR High to Output High-Z tBcHoz 
BSET High to Output High-Z tBSHOZ | tpsz_| 


NOTES: 
1. R=Vjpy, W=Vjp continuously during compare cycles. 
2. MATCH assertion is always shown high for distinction between asserted and valid. 
3. For brevity in signal names, BC is used to represent BCLR transitions, while BS is used to represent BSET transitions. 
4. Transition is measured +500 mV from steady state voltage with load of Figure 1b. This parameter is sampled and not 100% tested. 








COMPARE CYCLE 


(ADDRESS CONTROLLED) (S CONTROLLED) 
tAVAV 
tAVMV mr tAXMX 
$ (CHIP SELECT) S=Vy) 


BSET (BIT SET) 


CLR (BIT CLEAR) 


ssi {YY wns 


toVMV 









Q (DATA OUT) HIGH-Z 






“7 


MATCH (ASSERTED) 
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MCM62350 


| Write High to MATCH Valid 


[Write High to Output Active | 
NOTES: 
1. A standard write occurs during the overlap of W and S low and BSET and BCLR high. The R pin is high continuously during a write cycie. 
2. MATCH assertion is always shown high for distinction between asserted and valid. 
3. Transition is measured +500 mV from steady state voltage with load of Figure 1b. This parameter is sampled and not 100% tested. 
4, Both the MATCH output and Q0-03 are shown as valid in the W controlled cycle below to convey their timing relative to W. In reality, 
only one of either MATCH or Q0-Q3 can be valid at one tirne, as determined by BSETand BCLR inputs. 














STANDARD WRITE CYCLE 
(W CONTROLLED) (S CONTROLLED) 


TAVAV 


A (ADDRESS) 


§ (CHIP SELECT) 


W (WRITE ENABLE) 7 





477 





fala 22 il REE NNNNNNE/Z// 6 RD ANNNNNN 


'BSHSL 


wxaneue'77F 1 SSX 77771 WAXMAN 


- tBCHWL 





tSHDX 


XX 


tWLBCX . bee tSi BCX 
tWHDX tBCHSL—aq 


‘2018 ——$— Q— WOOK) 




















tWLOZ Ln s le tovsi—el 
Q (DATA OUT) HIGH-Z 4. HIGH-Z 
tWLMX tWHMV 
MATCH Pa ai . % \ASSERTED) | (ASSERTED) 
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BSET/BCLR WRITE CYCLE (See Notes 1 and 2) 


Characteristic 
| chamctwete | oe 


| Min | Max | Min_ 
[Write Cycle Time |S stavav ~—| ste | 2 | — | 8 
Write Pulse Width tWLWH/tSLSH a ee ee ee 
tWLSH/tSLWH twe | 
| 4 | - | te | - | 20 | 












Oo 





Address Setup to Beginning of Write tavWL/tAVSL 
Address Valid to End of Write taVWH/tAVSH taw 


Data Hold from Write End tWHbx/tSHDX | tpH | 
Address Hold from Write End tWHAX/tSHAX 


W Low to MATCH Asser 


SET/BCLR Setup to Beginning of Write | tasitwL/tBSLSL tass ime 
| tBCLWL/*BCLSL | ‘*BCS 












B 

BSET/BCLR Hold Time from Write Start | twuBsx/tsLBsx | tBSH 
| | | tWLBCX/tSLBCX | _tBCH 

Write High to MATCH Valid tWHMV tWCA 


NOTES: 

1. A BSET/BCLR write occurs during the overlap of W and S low and BSET or BCLR low. The R pin is high continuously during a write 
cycle. BSET and BCLR write cycles can be W controlled or S controlled. Only two of four possible cycles are shown here for brevity. 

2. MATCH assertion is always shown high for distinction between asserted and valid. 

3. Data output buffer must be in high-Z prior to start of either BSET or BCLR write cycles. Note that for W controlled cycles, the user must 
avoid excessive setup time of BSET/BCLR to avoid bus contention. Data must be set up for tp ywL/tpvs_ time to ensure the data integrity 
of non-modified bits during BSET/BCLR write cycles. In the event that invalid data is presented for non-modified bits during the BSET/ 
BCLR write, note that it is not possible to recover the original data state by simply presenting valid data before the end of write. 




















BSET WRITE CYCLE BCLR WRITE CYCLE 
(W CONTROLLED) (S CONTROLLED) 
tAVAV tAVAV 


A (ADDRESS) 


§ (CHIP SELECT) 


W (WRITE ENABLE) 





tBSLWL—}« tSLBSX 


rersen WT A/T. 
| 


BS 


fas! 






PSs 











tBCLSL 
a VN wy, } 
BCLR (BIT CLEAR) pin PAC a ew 
tOVWL—~<¢—» | | tDVSL LetsHpx 
sommm XK ommmn ——XXXX OOK wn KK 
tWHDX 
Q (DATA OUT) — HIGH-Z HIGH-Z 
tWLMX —t<i—p>4 —- tWHMV 
MATCH | VALID V aseentens \ ‘isin (ASSERTED) 
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MCM62350 


CLEAR CYCLE (See Notes 1 and 2) 


caer [ssi | wena] women] mona 


R Low to Inputs Recognized 
(Clear Cycle Time) 


eo are 
aaa ERE RN BE Ee) 
ite Holdem Ange __{ tee __{ own {fo { — fo | — jo} — {mw} 2_ 


R Low to Inputs Don’t Care 


[LESTE ce Dl po | we | ns | 
Low to OutputHighz | taz | tz | - | 8 | ~ | 6 | - | 8 | ns | 8 | 


NOTES: 
1. The address, BSET, and BCLR inputs are don’t cares during a clear cycle. 
2. MATCH assertion is always shown high for distinction between asserted and valid. 
3. The clear cycle is initiated at the falling edge of R. The twHRL and tkHWL parameters must be satisfied to prevent an undesired configuration 
cycle. 
4. “Inputs” for this parameter refers to all inputs except W. 
5. Transition is measured +500 mV from steady state voltage with load of Figure 1b. This parameter is sampled and not 100% tested. 





CLEAR CYCLE 


(FROM READ CYCLE) : (FROM COMPARE CYCLE) 
a OXY KY) 
'RLAX 


'RLAX 


= t 
S (cup sevect) PLSX 


R (RESET) 


W (WRITE ENABLE) “= 
BS 


waren “47777174 


tRLBCX 


ee 
BCLR (BIT CLEAR) | 477/777} 
‘ac mT scons —XXXKRXY 


mai 









tRLOX 
MATCH (ASSERTED) pri (ASSERTED) 
trLoz 
Q (DATA OUT) — HiGHz2 ———___—— HIGH-2 
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CONFIGURATION CYCLE (See Notes 1 and 2) 


Characteristic 


Configuration Control Pulse Width tSLSH 
tRLRH 


Data Setup to End of Configuration 
Cycle 


Data Hold from End of Configuration 


Cycle 
tWH 


DX DH 
tRHRL tcp 
tSLRH tscs 
R Setup to End of Configuration 
= 
Coe a 
NOTES: | 


1. A configuration cycle is performed during the overlap of W low, R low, and § low. Address, DOQ2, DQ3, BSET, and BCLR inputs are don’t 





cares during configuration cycles. ; 
2. To ensure proper configuration of the device during power up, chip select must be equal to or greater than Vj}. 
3. A valid configuration can be performed with S asserted prior to R and W low transitions. Be aware, however, that array data may be altered 


under this condition. _ 
4. Note that terminating the cycle with R while leaving W and S asserted may cause array data to be altered. 


5. Transition is measured +500 mV from steady state voltage with load of Figure 1b. This parameter is sampled and not 100% tested. 


CONFIGURATION CYCLE 
(ARRAY PROTECTED) (ARRAY UNPROTECTED) 





§ (CHIP SELECT) 


R (RESET) 





W (WRITE ENABLE) 





AXXXOOK tre mio KX 


HIGH-2Z 


D (DATA IN = 





HIGH. Z smecnesneeeone 





Q (DATA QUT) 
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MCM62350 


ORDERING INFORMATION 
(Order by Full Part Number) 


MCM 62360 X XX XX 
Motorola Memory Prefix Shipping Method (R2= Tape & Reel, Blank = Rails) 
Part Number Speed (20=20 ns, 22=22 ns, 25=25 ns) 
Package (P = 300-mil Plastic DIP, J =300 mil SOJ) 
Full Part Numbers— MCM62350P20 MCM62350P22 MCM62350P25 


MCM62350J20 MCM62350J522 MCM62350J25 
MCM62350J20R2 .MCM62350J22R2 MCM62350J25R2 
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MOTOROLA 


= SEMICONDUCTOR 
TECHNICAL DATA 





MCM62351 


4K x 4 Bit Cache Address Tag ~— 
Comparator = 
with System Status Bit Functions 





P PACKAGE 
The MCM62351 is a 16,384 bit cache address tag comparator organized as 4096 tags 300 MIL PLASTIC 
of 4 bits, fabricated using Motorola’s high-performance silicon-gate CMOS technology. CASE 724 
The device integrates a 4K x 4 SRAM core, an on-board comparator, and special pin 
functions for tag valid and system status bit applications. These functions allow easy 
interface to the MC68020 and MC68030 microprocessors, or any other environment 
where efficient implementation of external cache memory is required. J PACKAGE 
The device has a reset (R) pin for flash clear of the RAM, which is useful for system 300 MIL SOJ 
initialization. Individual bits within a tag can be set or cleared via the BSET and BCLR. CASE 810A 





control input pins for valid bit updates. 

The MCM62351 has two configurable comparator modes. The comparator can be con- 
figured as standard XNOR (exclusive NOR) for address tag comparison, or AOI (AND- 
OR-Invert) for determining whether specific bits in the 4-bit word are set (for system 
status applications). The configuration of the comparator is accomplished by performing 
a write cycle with the R pin held low. The MATCH output is open drain, allowing effi- 
cient combination of multiple MATCH outputs using a wired-OR connection. 


Single 5 V + 10% Power Supply 
Fast Address to MATCH Time; 20/22/25 ns max 
Fast Data to MATCH Time; 10/10/12 ns max 
Fast Read of Tag RAM Contents; 22/25/30 ns max 
Flash Clear of the Tag RAM 
Open Drain MATCH Output 
Bit Manipulation of Tags via BSET and BCLR Writes 
Configurable Comparator Modes: 

XNOR Mode for Address Tag Comparison 

AOI Mode for System Valid Bit Comparison 
@® High Board Density SOJ Package Available 


PIN ASSIGNMENT 


BLOCK DIAGRAM 


. ROW 
AO-A6 u ADDRESS ee } MEMORY 
BUFFER MATRIX 





128 ROWS 
x 128 COLUMNS | 


= CLEAR 
. BUFFER 













Address Inputs | 
Write Enable | 


CONFIG. CONFIG. Chip Select 
CONTROL LATCH Bit Clear Control Input 
el | > MATCH 
DATA COMPARATOR} | Bit Set Control Input 
pa0-DQ3 Reset (Flash Clear) Input 











MATCH (Hit) Output 
Data Input/Output 
+5 V Power Supply 


T 
<A OUTPUT 
BUFFER | | 
DATA COLUMN | 
rah age 
BUFFER 


COLUMN 
DECODER 





COLUMN 
A7-A11 | ADDRESS 
5 BUFFER 
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SIGNAL DESCRIPTIONS 


A0-A11— ADDRESS INPUTS 


The address lines are used for indexing into the tag RAM 
portion of the chip. 


DQ0-DQ3— DATA INPUT/OUTPUT 


The data lines are used as input for compare, write, and 
configuration cycles, and as output for read cycles. 


BSET—BIT SET CONTROL INPUT 


This control signal is used for ORing data into the tag RAM 
during BSET write cycles. Independent bits within the tag can 
be set using the appropriate mask, as indicated in the bit set 
truth table. The BSET input can also be used to initiate a read 
cycle. 





BCLR—BiT CLEAR CONTROL INPUT 


This controi signal is used for ANDing the complement of 
data into the tag RAM during BCLR write cycles. Independent 
bits within the tag can be cleared using the appropriate mask, 
























FUNCTIONAL TRUTH TABLE 

| 5 | w | scr | sser| | 
L H | 4H H | H_ | Compare Dip 
L H L Xx H Read Dout 
L H X L H Read Dout 
L L H H H Write Dip, 
L L L {| 4H H Bit Clear Mask 
L L H L H Bit Set Mask 
x H x x L High-Z 
L L X X L Config Din* 
H Xx X X H High-Z 








*DQ1, DQ2, and DQ3 are don’t cares during a configuration cycle. 


COMPARATOR TRUTH TABLE 






Initial Final | 
Stored Data | Stored Data | 
Bit 
Unchanged 


to “Zero” 
NOTE: These tables reflect the behavior of single bit positions. 
The four bits in the tag can all be set or cleared in tandem, 
or bits within the tag can be independently set or cleared 
with the appropriate mask. 






CONFIGURATION TABLE 








pas-pas | Maron | Cycle | 
















as indicated in the bit clear truth table. The BCLR input can 
also be used to initiate a read cycle (note that at least one of 
the BSET/BCLR signals must be asserted to trigger a read 
cycle). 


R—RESET (FLASH CLEAR) INPUT 


The reset control signal is used to initiate a clear cycle or a 
configuration cycle. 


S—CHIP SELECT 
This control signal is used to chip select the device. 


W—WRITE ENABLE 
The write enable signal is used to initiate write cycles. 


MATCH— MATCH (HIT) OUTPUT 


This output signal is used to indicate a match of DQ0-DQ3 
inputs with the contents of the tag RAM addressed by AO— 
All. 


Compare 
Read 

| Read 
Write 
BCLR Write 
BSET Write 
Clear (Reset) 
Configuration 
Deselect 












L=Low 

H = High 

0= False 

1= True 

X= Don’t Care 


Data initial Final 
in Stored Data Stored Data | 
Bit 
} Unchanged 
Bit Set 


a oe ae to“One” _| 


AOI COMPARATOR LOGIC DIAGRAM 
| RAMQO 


Pdits 


Qi D3 















MEMORY 


ARRAY MATCH 
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ABSOLUTE MAXIMUM RATINGS (Voltages referenced to Vgs=0 V) 


| Rating | Symbol | Value 
Power Supply Voltage —0.5 to +7.0 V 


This device contains circuitry to protect the 
inputs against damage due to high static 
voltages or electric fields; however, it is ad- 
vised that normal precautions be taken to 
avoid application of any voltage higher than 
maximum rated voltages to this high imped- 
ance circuit. 








Voltage Relative to Vss for Any Pin Vin/Vout | —0.5 to Vcc +0.5 Vv 

Except Vcc 

Output Current MATCH Output mA 
1/O Pins, Per I/O +20 


The power supply (Vcc) should be stable 
for at least 100 us before operating the de- 
vice. During this interval, the part will in- 
ternally configure itself for XNOR compares. 
In addition, the memory array of RAM bits 
will be cleared. 


Vc : F 
+40 
Operating Temperature TA Cc 
Storage Temperature —55 to +125 


NOTE: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are 
exceeded. Functional operation should be restricted to RECOMMENDED OPER- 
ATING CONDITIONS. Exposure to higher than recommended voltages for extended — 
periods of time could affect device reliability. 


Power Dasipation (Ta=25°C) | fp [10 —*«| WwW 





DC OPERATING CONDITIONS AND CHARACTERISTICS 
(Vcc =5.0 V +10%, Ta =0 to 70°C, Unless Otherwise Noted) 


RECOMMENDED OPERATING CONDITIONS (Referenced to Vss =0 V) 





*Vi_ min= —0.5 V de; Vip min= —3.0 V ac (pulse width <20 ns) 


DC CHARACTERISTICS 


Output Leakage Current S=Vin, Vout=0t0 Veg) ——SSSSSS~d gig | 
MATCH Output Leekage Current (MATCH Assorted) SSS gy | Oo 
AC Supply Curent (ll Inputs=Vi. or Vin, lout=0 MA, Cycle Tine=tavay mind | Icca | =| 140" | mA 
"Output Low Voltage (0 Pins: Io, =8.0 mA, MATCH Output: iq, =250mA) | Vo. | - | oa | _v_ 
F Output igh Voage W/O Pine ign=a0ma)——SSSSSSSSCSC~*dCgs (| | 


*i¢c active current for the clear cycle exceeds this specification. However, this is a transient phenomenon and will not affect the power dissipation 
of the device. Good decoupling of the local power supply should always be used. 
























CAPACITANCE (f=1.0 MHz, dV=3.0 V, Ta =25°C, Periodically Sampled Rather Than 100% Tested) 


Characteristic | Symbol 
input Capacitance 


I/O Capacitance | Cout 
MATCH Output Capacitance 





AC TEST LOADS 
+5V +5V +5V 
481 481 184 
Qa a MATCH 
255 30 pF 255 5 pF 50 pF 
(INCLUDING (INCLUDING (INCLUDING 
' SCOPE AND JIG) SCOPE AND JIG) SCOPE AND JIG) 
Figure 1a Figure 1b Figure 1c 
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AC OPERATING CONDITIONS AND CHARACTERISTICS 
(Vcc = 5V +10%, Ta=0 to +70°C, Unless Otherwise Noted) 


Input Timing Measurement Reference Level .......... 1.5V Output Timing Measurement Reference Level ......... 1.5V 
Input Pulse Levels .. 0... 0... ee ee es 0 to 3.0 V Output Load (I/O Pins) ...........20200- See Figure 1a 
Input Rise/Fall Time ............ 0. 2c ee ee eee 5 ns Output Load (MATCH Output) ............. See Figure 1c 
















nes MCM2251-20 
aracteristic 

| 
Select Low to Output Active tCSL 


READ CYCLE (See Note 1) 
| Min | 
Read Cycle Time 
Address Access Time | stwov | ta |] 
[Select Access Time —=—Ss—s-§-_—«s«|_—stguqv _—i|§_tacs | — | 
[BCLR Access Time ss | __—stecrav_|_tasc | — | 
IBSET Access Time _——-sss=s|__—stpsuav_|_tass | — | 
[Output Hold from Address Change | _taxax | ton | 0 | — | 
| tee | 5 | — | 
BSET/BCLA Low to Output Active | tastax/tactox| tz | 7 | — | 
[S High to Output High-Z_——| —stgaz —|_tcsz_| — | & | 
| tasHoz/tBcHaz | | - | 8 | 


wi 


BSET/BCLR High to Output High-Z | tasuoz/tacuaz| tuz_| 
BSET/BCLR Low to MATCH Assert | tpsimx/tacumx| tcy | 9 | 18 | o | 15 | 0 | 


NOTES: 
1. R=Vjy, W=Vip continuously during read cycles. One of either BSET or BCLR pins must be asserted low to activate the outputs. The 
MATCH output becomes asserted when either the BSET or BCLR pin transitions low. 
2. For brevity in signal names, BC is used to represent BCLR transitions, while BS is used to represent BSET transitions. 
3. Transition is measured +500 mV from steady state voltage with load of Figure 1b. This parameter is sampled and not 100% tested. 





READ CYCLE 
(ADDRESS CONTROLLED) (§ CONTROLLED) 
tAVAV 
tavav taxax 
$ (CHIP SELECT) (S=Vy) 
tBsLax 
tBSLOV 
BSET (BIT SET) 
tBSLMX 
| 'BCLOV 
BCLR (BIT CLEAR) 


tBCLOX — 


tBCLMX 
Q (DATA OUT) ————HIGH-Z (\ } | CX 





MATCH _ MATCH VALID 
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COMPARE CYCLE (See Note 1) 


Characteristi st lc 
aracteristic 
Alternate 


Data Valid to MATCH Valid 


S Low to MATCH Valid 


tACH 
| tesnoz | tasz 
NOTES: 


1. R=Vjy, W=Vjp continuously during compare cycles. 
2. For brevity in signal names, BC is used to represent BCLR transitions, while BS is used to represent BSET transitions. 
3. Transition is measured +500 mV from steady state voltage with load of Figure 1b. This parameter is sampled and not 100% tested. 





COMPARE CYCLE 


(ADDRESS CONTROLLED) (§ CONTROLLED) 
tAVAV 
tAVMV | | tAXMX 
S (CHIP SELECT) S=Vy) 


BSET (BIT SET) 


BCLR (BIT CLEAR) 





saa OOK) KXKXXKY 


tDVMV 






Q (DATA OUT) =~ HIGH-Z = 


MATCH 
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STANDARD WRITE CYCLE (See Note 1) a 
—_|_Symbet | memezasran | womeassi 22 | MoMe2s6i 2s 
a 


tWLSH/tSLWH twPe 
Write 


Address Valid to End of Write tavwu/tavsH | taw_| 
Data Valid to End of Write tpvwi/tpvsH | tpw_| 







Data Hold from Write End tWHDx/tSHDX 
tw 






HD 
Write Low to Output High-Z twz 
Address Hold from Write End HAX/tSHAX 
Write Low to MATCH Assert tWLMX 


Write tBCHWL/tBCHSL|  tBCS 
Start tWLBCX/tSLBCX | _tBCH 


Write High to MATCH Valid tWHMV twea | —_| 
Write High to Output Active tow ea 


NOTES: 
1. A standard write occurs during the overlap of W and S low and BSET and BCLR high. The R pin is high continuously during a write cycle. 
2. Transition is measured +500 mV from steady state voltage with load of Figure 1b. This parameter is sampled and not 100% tested. 
3. Both the MATCH output and Q0-Q3 are shown as valid in the W controlled cycle below to convey their timing relative to W. In reality, 
only one of either MATCH or Q0-Q3 can be valid at one time, as determined by BSETand BCLR inputs. 












STANDARD WRITE CYCLE 
(W CONTROLLED) (S CONTROLLED) 
- taVvAy ra tAVAV 








A (ADDRESS) 
t— 'SHAX 





mae NANNNNE//// 4B ANNNNAN 





tBCHWL 'BSHSL 


exsramn 77 F S\XWN 777 WAXY 


‘WLBCX ——> t- 'SLBCX 
'WHDX 'BCHSL—s of r— tSHDX 
D (DATA IN) : DATA VALID v6 , «DATA VALID KXX 





XXXXXXX) 


l 
b<g— tOVSH—p>l 




















bee tDVWH 
Q (DATA OUT) HIGH-Z 
MATCH MATCH VALID (ASSERTED) 
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BSET/BCLR WRITE CYCLE (See Note 1) 


ee Moma 


3 al Bl al 
tWLSH/tSLWH twp | 
sl Mec Ml i el lh a 
Write 

Data Setup to Beginning of wie | tvmitovs. | os _|_o | - | -1]| - | -1| - || 2 | 
[Data Hold from Write End | twupx/tsuox | ton | 0 | - | 0 | - | 0 | - |m] | 


[Address Hold from Write End | twuax/tsHax | twa | o | ~ | o | - | o | — | ns] | 
[Wow toMATCH Asset | twimx | wen | o | 6 | o | 5 | o | 15 | os | | 


[-Naatalsbassaaai (~~~ ee i eh Me al aad Gk 
Write tBCLWL/tBCLSL | _‘tBCS | 
en ee ee oe ee, 
Start tWLBCX/tSLBCX | __tBCH | 
[Write High to MATCH Valid | twumv | _twea | ~ | 2 | - | 2 | - { 2 | ns | 


NOTES: 

1. A BSET/BCLR write occurs during the overlap of W and S low and BSET or BCLR low. The R pin is high continuously during a write 
cycle. BSET and BCLR write cycles can be W controlled or S controlled. Only two of four possible cycles are shown here for brevity. 

2. Data output buffer must be in high-Z prior to start of either BSET or BCLR write cycles. Note that for W controlled cycles, the user must 
avoid excessive setup time of BSET/BCLR to avoid bus contention. Data must be set up for tpywL/tpvS_ time to ensure the data integrity 
of non-modified bits during BSET/BCLR write cycles. In the event that invalid data is presented for non-modified bits during the BSET/ 
BCLR write, note that it is not possible to recover the original data state by simply presenting valid data before the end of write. 
































BSET WRITE CYCLE BCLR WRITE CYCLE 
(W CONTROLLED) (S CONTROLLED) 


tAVAV TAVAV 


A (ADDRESS) 


§ (CHIP SELECT) 


W (WRITE ENABLE) 





aes) 











tBSLWL a | {SLBSX 
tWLBSX | | ? | | 
SS on sr : AILLLLLL yAAAAMAAA 
ae | BCLSL | 
| SLBCX | 
Bo cca oe KO PLLLLLLLL 
tovWL | ‘Dsl Letsuoxs 
nn OK WD 1A 
' t— tWHDX 
Q (DATA OUT) m  HIGH-Z HIGH-Z 
tWLMX : +— tWHMY 
_————_— ~ 
MATCH VALID k VALID (ASSERTED) 
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CLEAR CYCLE (See Note 1) 
















ee [| Symbol | mcmeza6i-20 | mcmezaer-22 | mcmes61-25 | | 
ainara | Standard [Alternate] Min_| Max | Min | Max | Min | Max_ ie 


— PEP EEL 
ae ee eee ee 


(Clear Cycle Time) 
D 
Pulse Width =| tru | stp | | - | 
[Read SetuptoRLow —ss—ss| Ss twure =| sotrs | 5 | - | 5 | - | 5 | — | ns | 2 | 


[Write Hold from High | truwe | tw | o | - | o | - | o | - [| 2 | 

— PEER ELE 
D 

[RLowtoMATCH Asset | tumx | wn | 0 | 5 | oo | i | o | we | os || 

Row to OutputHigh2 | tmaz | tcz_ | - | is | - | | - | oe | ns 

NOTES: 


1. The address, BSET, and BCLR inputs are don’t cares during a clear cycle. 


2. The clear cycle is initiated at the falling edge of R. The twHRL and taHw_L parameters must be satisfied to prevent an undesired configuration 
cycle. 


3. “Inputs” for this parameter refers to all inputs except W. 
4. Transition is measured +500 mV from steady state voltage with load of Figure 1b. This parameter is sampled and not 100% tested. 












CLEAR CYCLE 


(FROM READ CYCLE) (FROM COMPARE OR WRITE CYCLE) 
las WAXY WY) 
tRLAX 


tRLAX 





S (CHIP SELECT) 





R (RESET) 
tWHRL 


a 
W (WRITE ENABLE) = 
tL asx—f——o / 

BSET (BIT SET) me SSF 75 


tRLBCV 


BCLR (BIT CLEAR) | AZ/TTL, ¢ 
vomm XXX XXKYY) 


el tox {se} tex 


is 


MATCH 


MATCH VALID 


Q (DATA OUT) 
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CONFIGURATION CYCLE (See Notes 1 and 2) 


ee | Symbot =| MCM62351-20 | MCM62361-22 | MCM62351-25 
jaracteristic 
| Standard | Alternato| Min | Max_ 


Configuration Control Pulse $s tSLSH 
Width R tRLRH 


Data Setup to End of 
Configuration Cycle 


Data Hold from End of 
Configuration Cycle 


a 
it Soyo Row [wat] owe Ts P= Pe =e P= Po 
ssapedeteaieharscancole ~~ Ma eA oak ea Sao al eck al Tat Tak 
tSLRH tscs 

Reap onaa Gripen | aww | se | [= [= t= [a= t- pet — 
a a 

snp agra ss | gue | was [0 

Eig ouput viz | igor | te 


NOTES: 

1. A configuration cycle is performed during the overlap of W low, R low, and § low. Address, DQ1, DQ2, DQ3, BSET, and BCLR inputs are 
don’t cares during configuration cycles. 

2. To ensure proper configuration of the device during power up, chip select must be equal to or greater than Vj}. 

3. A valid configuration can be performed with S asserted prior to R and W low transitions. Be aware, however, that array data may be altered 
under this condition. 

4. Note that terminating the cycle with R while leaving W and S asserted may cause array data to be altered. 

5. Transition is measured +500 mV from steady state voltage with load of Figure 1b. This parameter is sampled and not 100% tested. 





CONFIGURATION CYCLE 
(ARRAY PROTECTED) (ARRAY UNPROTECTED) 





§ (CHIP SELECT) 


R (RESET) 


W (WRITE ENABLE) 


D (DATA IN 


Q (DATA OUT) 
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ORDERING INFORMATION 
(Order by Full Part Number) 


MCM 62351 X XX XX 
Motorola Memory Prefix 3 Shipping Method (R2= Tape & Reel, Blank = Rails) 
Part Number Speed (20=20 ns, 22=22 ns, 25=25 ns) 
Package (P =300 mil Plastic DIP, J =300 mil SOU) 
Full Part Numbers— MCM62351P20 MCM62351P22 MCM62351P25 


MCM62351J20 MCM62351J22 MCM62351J25 
MCM62351J20R2 MCM62351J22R2 MCM62351J25R2 


MOTOROLA MEMORY DATA 


9-86 


MOTOROLA 


= SEMICONDUCTOR 
TECHNICAL DATA 





MCM62486 


Product Preview 


32K x 9 Bit BurstRAM™ 
Synchronous Static RAM 
With Burst Counter and Self-Timed Write 


The MCM62486 is a 294,912 bit synchronous static random access memory 


designed to provide a burstable, high performance, secondary cache for the FN PACKAGE 
i486 microprocessor. It is organized as 32,768 words of 9 bits, fabricated with etree Ln 





Motorola's high-performance silicon-gate CMOS technology. The device 
integrates input registers, a 2-bit counter, high speed SRAM, and high drive 
capability outputs onto a single monolithic circuit for reduced parts count 
implementation of cache data RAM applications. Synchronous design allows PIN ASSIGNMENT 
precise cycle control with the use of an external clock (K). CMOS circuitry 
reduces the overall power consumption of the integrated functions for greater 
reliability. 

Addresses (A0-A14), data inputs (DO0—D8), and all control signals except 
output enable (G) are clock (K) controlled through positive-edge-triggered 
noninverting registers. 

Bursts can be initiated with either address status processor (ADSP) or 
address status cache controller (ADSC) input pins. Subsequent burst 
addresses can be generated internally by the MCM62486 (burst sequence __ 
imitates that of the i486) and controlled by the burst address advance (ADV) 
input pin. The following pages provide more detailed information on burst 
controls. 

Write cycles are internally self-timed and are initiated by the rising 


O,a 

>1 AI wo O 
z gfale}e O fo?) 
x<<dtigiaciat =< 


A10 


~~ @ 
> <t< tc 


Ait 
Ai2 
A13 
A14 
Vs 
DQ7 
DQ6 


Vssa 


44 43 42 41 








edge of the clock (K) input. This feature eliminates complex off-chip | Veca 
write pulse generation and provides increased flexibility for incoming DQS 
signals. Da4 
The MCM62486 will be available in a 44 pin plastic leaded chip 
carrier (PLCC). Multiple power and ground pins have been utilized to 3 2 BIZ 8 Blo BlB S 2 
> > 


minimize effects induced by output noise. Separate power and ground 
pins have been employed for DQ0—DQ8 to allow user-controlled 
output levels of 5 volts or 3.3 volts. 


@ Single 5V+ 10% Power Supply 


®@ Choice of 5 Vor3.3V+10% Power Supplies forOutput = = j= = = ——— | p~g-ai4............... Address Inputs 


Level Compatibility. Kec cece e cece cece ee aes 
Sassy cstatetapar Solan ata aegis ete Write Enable 
















@ Fast Access Times: 14/19/24 ns Max and Cycle Times: 20/25/30 ns Min G Output Enable 
@ Internal Input Registers (Address, Data, Control) SO,S1 ................... Chip Selects 
. . ADV .......... Burst Address Advance 
e = AUV . 1... 
nlemally Sel—Timed Witte Cycle ADSP, ADSC ......... Address Status 
® ADSP, ADSC, and ADV Burst Control Pins DQO0-DQ8 .......... Data Input/Output 
VEO cches eases 5 V Power Supp! 
@ Asynchronous Output Enable Controlled Three-State Outputs Vee Sarre Output Bitar Pawar Slisay 
® Common Data Inputs and Data Outputs VGGe Siciea eis tee. eae aces 
® High Output Drive Capability: 85pFperVO 2 ME Se oe 
@ High Board Density PLCC Package All power supply and ground pins must be 
e : connected for proper operation of the device. 
Fully TTL Compatible Voc 2 Vocqatall times including power up. 
@ 


Active High and Low Chip Select Inputs for Easy Depth Expansion 


BurstRAM is a trademark of Motorola, Inc. 
i486 is a trademark of Intel Corp. 


This document contains information on a product under development. Motorola reserves the right to change or discontinue this product without notice. 
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BLOCK DIAGRAM (See Note) 


ADV 

@ 

. me 
a 


BURST LOGIC 







INTERNAL 


3 AO ADDRESS 
aL 
rail) > 


=: yal ° DATA-IN 
7 REGISTER 

~ : ine P REGISTERS 

at ENABLE v OUTPUT 
51 REGISTER ° BUFFER 


G 
DQ0-DQ8 





REGISTER 









9 





NOTE: All registers are positive-edge triggered. The ADSC or ADSP signals control the duration of the burst and the start of the 
next burst. When ADSP is sampled low, any ongoing burst is interrupted and a read (independent of W and ADSC) is 
performed using the new external address. When ADSC is sampled low (and ADSP is sampled high), any ongoing burst 
is interrupted and a read or write (dependent on W) is performed using the new external address. Chip selects (SO, $1) 
are sampled only when a new base address is loaded. After the first cycle of the burst, ADV controls subsequent burst 
cycles. When ADV is sampled low, the internal address is advanced prior to the operation. When ADV is sampled high, 
the internal address is not advanced, thus inserting a wait state into the burst sequence accesses. Upon completion of 
a burst, the address will wrap around to its initial state. See BURST SEQUENCE TABLE. | 











BURST SEQUENCE TABLE (See Note) 
External Address 

1st Burst Address 
2nd Burst Address 
3rd Burst Address 





NOTE: The burst wraps around to its initial state upon 
completion. 
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SYNCHRONOUS TRUTH TABLE (See Notes 1, 2, 3, and 4) 





| 
| 


> 





> 
Oo 
” 
Uv 
> 
o 
” 
Lo) 


Address Used 

N/A 
Ehiomal AaiGes 
External Address 









is 
ec 


fie. 
= 
z 
™ 
> 


External Address 

Next Address 
Next Address Read Cycle, Continue Burst 
Write Cycle, Suspend Burst 
Read Cycle, Suspend Burst 





=x 
ad (sas a 
xe ge ie ee Oe Oe Oe De a 









fone 


> 
i 
|e : 
ae 

- 
eae ee 





NOTES: 
1. X means Don’t Care 
2. Allinputs except G must meet setup and hold times for the low-to-high transition of clock (K). 
3. S represents SO and S1. T implies S1 = L and SO = H; F implies S1 = H or SO =L. 
4. Wait states are inserted by suspending burst. 


ASYNCHRONOUS TRUTH TABLE (See Notes 1 and 2) 


VO Status 
Data Out (DQ0-Da8) 


NOTES: 
1. X means Don’t Care 
2. For a write operation following a read operation, G must be high before the input 
data required setup time and held high through the input data hold time. 























ABSOLUTE MAXIMUM RATINGS (Voltages referenced to Vss = 0 V) 


CC — 0.5 to 7.0 
Output Power Supply Voltage Vcca ~0.5 to Voc 
A 








This device contains circuitry to pro- 
tect the inputs against damage due 
to high static voltages or electric 
fields; however, itis advised that nor- 
mal precautions to taken to avoid 
application of any voltage higher 
than maximum rated voltages to this 
high-impedance circuit. 












Voltage Relative to Vss -0.5 toVoco + 0.5 

Power Dissipation (Ta = 70°C, Voc = 5 V, 1.2 Ww 
tKHKH = 20 ns) 

Temperature Under Bias -—10to+ 85 

°C 

°C 


This CMOS memory circuit has 
been designed to meet the de and ac 
specifications shown in the tables, 
after thermal equilibrium has been 
established. 


Operating Temperature 0 to + 70 pee 
Storage Temperature ~ 55 to + 125 Pe. 


NOTE: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are exceeded. 
Functional operation should be restricted to RECOMMENDED OPERATING 
CONDITIONS. Exposure to higher than recommended voltages for extended periods of 
time could affect device reliability. 
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DC OPERATING CONDITIONS AND CHARACTERISTICS 
(Voc = 5.0 V+ 10%, Vocg = 5.0 V or 3.3 V + 10%, Ta = 0 to + 70°C, Unless Otherwise Noted) 


RECOMMENDED OPERATING CONDITIONS (Voltages referenced to Vss = 0 V) 


Symbol 
Supply Voltage (Operating Voltage Range | Veg | 4 


Output Buffer Supply Voltage 


(5.0 V TTL Compatible) 
(3.3 V 50 Q Compatible) 


Input High Voltage 
Input Low Voltage 


* Vit (min) = — 3.0 V ac (pulse width < 20 ns) 





DC CHARACTERISTICS 
Parameter 


Input Leakage Current (All Inputs, Vj; = 0 to Voc) 
Output Leakage Current (G, S1 = Viy, SO = ViL, Vout = 0 to Voc) 


AC Supply Current (G, $1, = Vj, SO = Viz, 
All Inputs = Vi = 0.0 V and Vix 2 3.0 V, Iout = 0 mA, 
Cycle Time 2 tkHKH min) 


Standby Current (S1 = Vi, SO = Viz, All Inputs = Vip and Vizy Cycle Time > tkHKH min) 


CMOS Standby Current (S1 = Voc — 0.2 V, SO $ 0.2 V, All Inputs > Voc - 0.2 Vor $0.2 V, 
Cycle Time 2 tk HKH min) 


Output Low Voltage (Io, = + 8.0 mA) 


Output High Voltage (Ioy = — 4.0 mA) 
NOTE: Good decoupling of the local power supply should always be used. DC characteristics are guaranteed for all possible i486 bus cycles. 





CAPACITANCE (f = 1.0 MHz, dV = 3.0 V, Ta = 25°C, Periodically Sampled Rather Than 100% Tested) 


Characteristic 





Input Capacitance (All Pins Except DQ0—DQ8) 
Input/Output Capacitance (DQO0—DQ8) 
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AC OPERATING CONDITIONS AND CHARACTERISTICS 
(Vcc = 5.0 V + 10%, Vocg = 5.0 V or 3.3 V + 10%, Ta = 0 to + 70°C, Unless Otherwise Noted) 


Input Timing Measurement Reference Level ............... 1.5V Output Timing Reference Level ...............2.00 cea 1.5V 
Input Pulse LOVElS. .2.crc caste ood wea ke ethno 0to 3.0 V Output Load............ See Figure 1A Unless Otherwise Noted 
INBUTRISE/ Fall MING? 3.x. da ke seceiant-s comaetegimvee ar eemamag- ta 3 ns 


READ/WRITE CYCLE TIMING (See Notes 1, 2, and 3) 


Symbol MCM62486-14 MCM62486-19 MCM62486-24 
Parameter Standard | Alternate ae eee en 
Cycle Time oe : 


Clock Low Pulse Width tKLKH 


Setup Times: Address 
Address Status 
Data In 
Write 
Address Advance | tapbVVKH 
Chip Select | tsovKH 





'S1VKH 
Hold Times: Address 
Address Status 
Data In 
Write 
Address Advance 
Chip Select 
NOTES: 7 
1. Aread cycle is defined by W high or ADSP low for the setup and hold times. A write cycle is defined by W low and ADSP high for the setup and 
hold times. 


2. All read and write cycle timings are referenced from K or G. 

3. Gis a don't care when W is sampled low. 

4. Maximum access times are guaranteed for all possible i486 external bys cycles. 

5. Transition is measured + 500 mV from steady-state voltage with load of Figure 1B. This parameter is sampled and not 100% tested. At any 
given voltage and temperature, tgHqz Max is less than tg_Qx min for a given device and from device to device. 

6. This is asynchronous device. All addresses must meet the specified setup and hold times for ALL rising edges of clock (K) whenever ADSP 
and ADSC is low and the chip is selected. All other synchronous inputs must meet the specified setup and hold times for ALL rising edges of K 
when the chip is selected.Chip select must be true (S1 low and SO high) at each rising edge of clock for the device (when ADSP or ADSC is low) 
to remain enabled. Timings for S1 and SO are similar. 











AC TEST LOADS 
+5 V 
480 
DQ 
255 5 pF 
‘INCLUDING (INCLUDING 
SCOPE AND JIG) SCOPE AND JIG) 
Figure 1A Figure 1B 
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266 


VIVG AHOWSW VIOXHOLOW 





READ CYCLES 


TKHADSX 


'ADSVKH 


me //  \\S 


S77 VXXXKXYXY 


TAVKH 





wores RXXXXOK |" KKKKKKKX = XKKMXAKK KKK AK KKK KKK KKK KEKE KEKE 


TKHWX 


W XXXXXXXMAARY XY UX 


'KHS1x 





'S1VKH 


s0- ved) KXXXXXK —_ AXXXXXXA _ AXXMXXXXXXXXXXKKKAKAKARAKAKARKKAKARARY. | 





teLav 


(ADV SUSPENDS BURST) 


t tkHAV (BURST WRAPS AROUND 
onan TOITSINITIALSTATE) 'KHQZ 


onncur — Kay} {Cove XX a9 XX om XX oes XX mn XX oes KX) 


|——— SINGLE READ ——s>}<q——————______________ BURST READ | 





NOTE: Q1(A2) represents the first output data from the base address A2; Q2(A2) represents the next output data in the burst sequence with A2 as the base address. 


S8P29INDIN 


€6-6 


VIVGd AYOWAW VIOYOLOW 


WRITE CYCLES 












VVYV 
L\/M/\Z\ 


me 77 VRXXKXXY VX 
woness XXKKKKK KKK KRM = KKK KK KK KK KKK KEKE KKK KKKKKKEX & KKKKKXKKEKE 


'KHWX 





777 XXX Yr AX x a he 
'SOVKH 
SO 
mel RXXXXKK — XXXKXXY  WXXXXXKKXXXXXKKXXKKKKKKXXKKY — XRKXXKXKKKX 
'KHADVX 
'ADVVKH 


=X _AXXXXXY  WXXXKXKY WR W\_ AR ARXXKKKA | ARKKKX 
XX ARK XK KKKKKK KKK KKKKKKKKKEKEKKKKN 


DATA — 298) KKK 2102) XK datter DOK dateed OK paiaar XK dateer KOK Ova) DA O20) XK at09) XX 
nae 
pataout XK XK 
“<— BURST READ —e>{e— siNGLE WRITE |< pus wart ———————»|_— ex ENDED BURST WRITE > 





S8VCSINDIN 





COMBINATION READ/WRITE CYCLES 


TKHKH 


= 

m= 77 S| AT 
eal 

msc 77 = XXXXKXXXXY XX¥ | XXY XY WY WY WI Ww 7 


TAVKH 


wore SXXXXKOK | RKKKKKKKK KKK KKK KKKRKCEORX. = KEKE 
5 ——" hy ww WW WALT WYO 
 YXXNREXKXEKEY = WL AZ WAR AR 77 TF X\__ ARR 


ES WO 
DATA IN — rack ( pi(at) ) 


K 


YW WY Wh 






166 
Viva AHYOWAW YIOHOLOW 











tKHOX1 


KKH KX cee) XX 10a 


tgHaz 























DATA OUT <<cl CCD CID VED 


(Si = Vib: S0 = Vin ) 
NOTE: This diagram does not show typical processor cycles, but is intended to show the functionality of the SRAM. 
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APPLICATION EXAMPLE 


DATA BUS 


ADDRESS BUS 


DATA 


ADDRESS 


ADS 
CONTROL 





128K BYTE BURSTABLE, SECONDARY CACHE USING 
4 MCM62486FN24s WITH A 33 MHz i486 





ORDERING INFORMATION 
(Order by Full Part Number) 


MCM 62486 x XX 


Motorola Memory a a Le Speed (14 = 14ns, 19 = 19 ns, 24 = 24 ns) 


Part Number Package (FN = PLCC) 
Full Part Number —- MCM62486FN14 MCM62486FN19 MCM62486FN24 


MOTOROLA MEMORY DATA 


9-95 


MOTOROLA 


a SEMICONDUCTOR 
TECHNICAL DATA 


Product Preview | MCM62820 | 


8K x 20 Bit Fast Static RAM 


The MCM62820 is a 163,840 bit static random.access memory organized as 8,192 
words of 20 bits, fabricated using Motorola’s ‘high-performance silicon-gate CMOS 
technology. The device integrates an 8Kx20 SRAM core with address and chip enable 
input latches, multiple chip enable inputs, and an output enable input. 

The availability of output enable (G) and multiple chip enable (E1 and E2) inputs 
provide for greater system flexibility when multiple devices are used. With either chip ENIPAGKAGE 
enable input negated, the device will enter standby mode, useful in low power PLASTIC 
applications. All address Rete Bice. ase CASE 778 
(AO-A12) and chip enable (E1, E2) inputs propagate through level-sensitive 
on-chip latching controlled by LE. This feature alleviates the need for external 
address and chip enable latching. This device was designed specifically to 
operate as cache memory with the R3000 RISC Microprocessor (see 
Figure 2), but it will also be very adaptable wherever wide and fass 








PIN ASSIGNMENT 



















SRAMs are needed. ee ; 

The MCM62820 will be available in-a 52’ pin plastic leaded SS 
chip-carrier. Multiple power and ground pins have been DQO 
utilized to minimize effects induced by output noise. DQ1 
e Single 5 V+10% Power Sar es | Vgg 
e Fast Access and Cycle Times: 23/30 ns Max paz U 
e Fully Static Read and Write Operations === DQ3 
e Equal Address and Chip Enable Access Times -- . DOQ4 
e OnChip Address and Chip Enable Latches sits DAS 
e Active High and Active Low Chip Enable Inputs DQ6 
e Output Enable Controlled Three State Outputs = - DQ7 
e High Board Density PLCC Package _—t fie, a Vsg 
e Low Power Standby Mode pas G 
e Fully TTL Compatible Das 4 

BLOCK DIAGRAM BIZZL' B8iBig MF 2s 
AO-A5, A10-A12 
A0-A12 8K x 20 “eC 
MEMORY MATRIX 
| 512 ROWS x 
320 COLUMNS Vgg | Address Inputs 





CHIP ENABLE 
LATCHES 


Latch Enable 
Write Enable 
Chip Enable 
Output Enable 












e LATCH DATA-IN 1h DQ0—DQ19 Data Input/Output 
——2| ENABLE V .... +5 V Power Supply 
BUFFER PON 1 COLUMN DECODERS | ce poasetial 






No Connection 





WRITE 


W——>| BUFFER fe 

_ OUTPUT 

G——>| ENABLE O 
BUFFER 


Dao 
ee N 
paig —® 


For proper operation of the device, 
all SS pins must be connected to 
ground. 


aay 


tae. 4 
Para. 








This document contains information on a project under development. Motorola reserves the right to change or discontinue this product without notice. 
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ea 
[ise | ah 
[ee re 





NOTE: Xmeansdon’tcare. Inputs AO—A12, E1, E2are latched = ee upon the state 


of latch enable (LE). 
ABSOLUTE MAXIMUM RATINGS (Voltages referenced to Vss=0 V) 


CT Rating | ‘Symbol | Van 
[Power SuppiyValage ——SSSCS*~SC«‘ == CSC TW sO 
Voltage Relative to Vsg | Vins Vout | 0-5 to Voc +0.5 


[Unit 

ees 

| Virw Vout _| ae 

ee ae eee 

Power Dissipation (Ta=70°C, Voc=5 V, ey 


+20 
Ww 
taVAV=23 ns) 
Temperature Under Bias —10 to +85 Lee 
Operating Temperature rea 0 to +70 Leer 
Storage Temperature —55 to +125 | og | 







NOTE: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are exceeded. 
Functional operation should be restricted to RECOMMENDED OPERATING CONDITIONS. 
Exposure to higher than recommended voltages for extended periods of time could affect 
device reliability. 


DC OPERATING CONDITIONS AND CHARACTERISTICS 
(Voc= 5.0 V +10%, Ta=0 to +70°C, Unless Otherwise Noted) 





*Vi_ (min)=-3.0 V ac (pulse width <20 ns) 


DC CHARACTERISTICS 
Parameter 
Input Leakage Current (All Inputs, Vj,=0 to Vcc) 


Output Leakage Current (G=Vjy, Et=Vjy, E2=ViL, Voyt=0 to Voc) 
AC Supply Current (G=Vjy, E1=Vy_, E2=Vjp, All Inputs=V4 =0.0 V and Vjp423.0, Ioyt=0 mA) 


Cycle Time223 ns 
Cycle Time230 ns 


Standby Current (E1=Vjpy, E2=Vj,, All Inputs=Vj__ or Vip) 


CMOS Standby Current (E12Vc¢c¢-0.2 V, E2$0.2 V, All Inputs >Vcc-0.2 V or SO. 2V) 
Output Low Voltage (Io, =+8.0 mA) 
Output High Voltage (IQ}4=—4.0 mA) 


Characteristic 
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Symbor [7 
lipaGapeciance —________AiPmmEmapboopare |G, [4 [6 
[inpuvOupGapadiance——=—SC~“‘~*~“‘~*~*~*~*S*S*S*S*C«éOMDHD | Cy | 6 |e | oF 


This device contains circuitry to pro- 
tect the inputs against damage due 
to high static voltages or electric 
fields; however it is advised that nor- 
mal precautions be taken to avoid 
application of any voltage higher 
than maximum rated voltages to this 
high-impedance circuit. 


This CMOS memory circuit has 
been designed to meet the dc and ac 
specifications shown in the tabies, 
after thermal equilibrium has been 
established. The circuit is assumed 
to be in a test socket or mounted on 
a printed circuit board with at least 
300 LFPM of transverse air flow be- 
ing maintained. 








MCM62820 


AC OPERATING CONDITIONS AND CHARACTERISTICS 
(Voc=5.0 V 10%, Ta=0 to 70°C, Unless Otherwise Noted) 


Input Timing Measurement Reference LOVE): 23 as Ye eweoes 1.5V Output Measurement Reference Level.................. 1.5V 
Input Pulse Levels ........... 0.0... cece eee eee 0 to 3.0 V OutputLoad ........... See Figure 1A Unless Otherwise Noted 
Input Rise/FallTime:cs 2 265 o5-catek ose siahaw ad eS e 3 ns 


READ CYCLE TIMING (See Notes 1, 2, 3) . 


| Symbol =| MCM62820-23 | MCM62820-30 
Parameter Alternate 


Read Cycle Time tAVAV 


Address Access Time 








wo 
oO 





Chip Enable to Output Valid tE1LQV tact 
tE2HQV 


RC 23 
AA 

Latch Enable High to Output Valid tLEHQV aa 25 
OE 

2 
OH 


w 
oO 
3 
on 


23 
23 
Output Enable to Output Valid tGLaV 10 


Output Active from Chip Enable teEi1LQx | tcLz 
tE2HOX 


Output Active from Output Enable tGLOXx 
Output Active from Latch Enable High tLEHOQX —= 
Output Hold from Address Change | tAaxQx 


Setup Times For: . _A tAVLEL tas 4,6 
E1 tE1VLEL tcs 
E2 tEOVLEL ics 
Hold Times for: _A tLELAX tAH 3 
1 tLELE1X tCH 
tLELE2x | tCH 


9 


Chip Enable High to Output High Z tE1HQZ tCHZ 
'E2LQZ 


Latch Enable High to Output High Z tLEHQZ | 
Output Enable to Output High Z tGHQZ tOHZ 


NOTES: 

. Aread cycle is defined by W high. 

. All read cycle timings are referenced from the last valid address to the first transitioning address. 

. Addresses must be. valid prior to or coincident with E1 going low or E2 going high. 

. E1 in the timing diagrams represents both E1 and E2 with E1 asserted low and E2 asserted high. 

. Transition is measured +500 mV from steady-state voltage with load of Figure 1B. This parameter is sampled and not 100% tested. At any 
given voltage and temperature, te }4Qz Max is less than tey_Qx min, tea, Qz max is less than teaHQx Min andtGgHQz maxis less than 
tGLQx min for a given device and from device to device. 

6. These inputs are latched and must meet the required setup and hold times for ALL latch enable (LE) low transitions. 


ia 
Po 








oh ODM = 


READ CYCLE 


tAVAV taxax > 


ee ee ee! 


A (ADDRESS) 





AXA 


TAVLEL naa 


LE (LATCH ENABLE) 


















TEYVLEL 
‘E1 (CHIP ENABLE) eae | 
, tavav 
G (OUTPUT ENABLE) a Saas 
Q (DATA OUT) —HWiGEte XX KK KK 
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WRITE CYCLE TIMING, Write Enable Initiated (See Note 1) 


Parameter 


MCM62820-23 | MCM62820-30 -~ 


Write Cycle Time | ons | 

Address Setup Time Sie. 222 
Address Valid to End of Write 
Write Pulse Width 


Write Enable to Chip Enable Disable 


3 
2 


B 


8 
8 


E 


0 
5 
Chip Enable to End of Write 8 


Data Valid to End of Write 
Data Hoid Time 


Write Recovery Time 


_~ 


0 





see 
2 
ae 
snes 
BE 
me 
— 


Setup Times for: tAVLEL 
tE1VLEL 
TEQVLEL 
LE Hold to End of Write 
Hold Times for: tLELAX tAH 3 
(LELE1X 
tLELE2x 
Write Low to Output High Z tWLQZ 10 
Write High to Output Low Z 
NOTES: a i — _ 
1. Awrite cycle starts at the latest transition of E1 low, W low, or E2 high. A write cycle ends at the earliest transition of aE1 high W high, or E2 
low. 
2. Write must be high for all address transitions. 
3. If W goes low coincident with or prior to E1 low or E2 high the outputs will remain in a high impedance state. 
4. E1 in the timing diagrams represents both E1 and E2 with E1 asserted low and E2 asserted high. 
5. These inputs are latched and must meet the required setup and hold times for ALL latch enable (LE) low transitions. 
6. During this time the output pins may be in the output state. Signals of opposite phase must not be applied to the outputs at this time. 
7. Transition is measured +500 mV from steady-state voltage with load of Figure 1B. This parameter is sampled and not 100% tested. At any 


given voltage and temperature, te 4}4Qz max is less than tey_Qx min, tea. Qz max is less than teaHQx min and tGHQx maxis less than 
tGLQx min for a given device and from device to device. 





WRITE ENABLE INITIATED WRITE CYCLE 


TAVAV 
A (ADDRESS) Sy SOC CCC CCC, Se 
tAVLEL > tLELAX 'WHAX 
t'WHLEH > 


LE (LATCH ENABLE) 


E1 (CHIP ENABLE) ASIII 


ee 


oonrann XXXXKXXXKKKKKKKHN XR 
t'WHOX 
Q (DATA OUT) HIGH-Z am xKK) HIGH-Z 
TAVWH 


W (WRITE ENABLE) 


tWLE1H 
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WRITE CYCLE TIMING, Chip Enable Initiated (See Notes 1 and 2) 


| Symbol =|: MCM62820-23 | MCM62820-30 
Parameter — Standard | Min | 
Write Cycle Time tAVAV | 30 | 


| 23 | — | 20 
Address Setup Time tAVEIL an ce 
'AVE2H 
Address Valid to End of Write ' tAVE1H 20 are 
TAVE2L 
ae Ge E. 















st ae 
' il Fo 
= hac ae 
Data Valid to End of Write toverH | tow ee ied | 
tDVE2L 
Chip Enable to End of Write tE1LE1H tCw 
tEQHE2L 
Data Hold Time tE1HDX tpH 
| tE2LDX 
au 


5 
Write Recovery Time tE1HAX twR hae 
tE2LAX 
LE Hold to End of Write tE7HLEH | tE1HLEH —2 
tE2LLEH | 'E2LLEH 
Setup Tlmes for: _A tAVLEL tas 4 4 
E1 tE1VLEL tcs 
E2 | tEovLEL tcs 
Hold Times for: _A tLELAX tAH 3 
E1 tLELE1X tCH 
: E2 | tlELE2x (CH 
1 





NOTES: 


. Awrite cycle starts at the latest transition of E1 low, W low, or E2 high. A write cycle ends at the earliest transition of aE1 high, Whigh, or E2 low. 
. Et in the timing diagrams represents both E1 and E2 with E1 asserted low and E2 asserted high. 

. If W goes low coincident with or prior to E1 low or E2 high the outputs will remain in a high impedance state. 

. During this time the output pins may be in the output state. Signals of opposite phase must not be applied to the outputs at this time. 

. These inputs are latched and must meet the required setup and hold times for ALL latch enable (LE) low transitions. 


Oh ON 


CHIP ENABLE INITIATED WRITE CYCLE 





TAVAV 
A (ADDRESS) Sy CED OAC 0000.06 
| CAPER = tLELAX > TEIHLEH 
E (LATCH ENABLE) yon = ae 
tEIVLEL oa <> EIHAX 
E1 (CHIP ENABLE) | 3 pore Ef / 1/7 } 
tEYLE1H ——> TAVE1H > 
W (WRITE ENABLE) 
'DVEIH TE1HDX 
p coara in) XXX XXXXAAA AAA XX 


HIGH-Z 
Q (DATA OUT) 
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AC TEST LOADS 
+5 V +5V 
480 480 
DQ DQ 
255 30 pF 255 5 pF 

INCLUDING INCLUDING 
COPE AND JIG) COPE AND JIG) 

Figure 1A Figure 1B ‘ 


INSTRUCTION CACHE 


DATA CACHE 
(8K x 60) 


(8K x 60) 


ADDRESS LOW (12:0) DATA (31:0) TAG (19:0) 
DATA P (3:0) TAG P (2:0) 
TAG V 


R3000 PROCESSOR 





Figure 2. R3000 Application Example with 64K Byte 
Segregated Instruction/Data Cache Using 
Six Motorola MCM62820 Latched SRAMs 


ORDERING INFORMATION 
(Order by Full Part Number) 


MCM 62820 x xx 


Motorola Memory mn) tL Speed (23=23 ns, 30=30 ns) 
Part Number Package (FN=PLCC) 


Full Part Numbers — MCM62820FN23. MCM62820FN30 
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MOTOROLA 
aa SEMICONDUCTOR RE SN 
TECHNICAL DATA 


MCM62940 — 


Product Preview 
32K x 9 Bit BurstRAM™ 


Synchronous Static RAM 
With Burst Counter and Seif-Timed Write 





The MCM62940 is a 294,912 bit synchronous static random access aon pees 
memory designed to provide a burstable, high performance, secondary CASE 777 
cache for the MC68040 microprocessor. It is organized as 32,768 words of 9 
bits, fabricated using Motorola’s high-performance silicon-gate CMOS PIN ASSIGNMENT 


technology. The device integrates input registers, a 2-bit counter, high speed 








SRAM, and high drive capability outputs onto a single monolithic circuit for ze |= 2 os a 38 &e 22 = 
reduced parts count implementation of cache data RAM applications. a ae ee ee ee 
Synchronous design allows precise cycle control with the use of an external AT 6 5 4 3 2 rer 
clock (K). CMOS circuitry reduces the overall power consumption of the 
integrated functions for greater reliability. ASU At2 
Addresses (AQ—A14), data inputs (DO—D8), and all control signals, A4 | A13 
except output enable (G), are clock (K) controlled through A5[ A14 
positive-edge-triggered noninverting registers. ae AG Vg 
Bursts can be initiated with either transfer start processor (TSP) or Vee f DQ7 
transfer start cache controller (TSC) input pins. Subsequent burst 8S 
addresses are generated internally by the MCM62940 (burst sequence bao t DQ6 
imitates that of the MC68040) and controlled by the burst address Dai Vgsq 
advance (BAA) input pin. The following pages provide more detailed Vssq U Voca 
information on burst controls. . Voco O DQ5 
Write cycles are internally self-timed and are initiated by the rising edge poe E Das 
of the clock (K) input. This feature eliminates complex off-chip write pulse LLL EE eel 
generation and provides increased flexibility for incoming signals. 8S B8IZ= 8 B'S BIDS & 
The MCM62940 is packaged in a 44 pin plastic leaded chip carrier SS a a 
(PLCC). Multiple power and ground pins have been utilized to 
minimize effects induced by output noise. Separate power and ground 
pins have been employed for DQ0—DQ8 to allow user-controlled 
output levels of 5 volts or 3.3 volts. 
Address Inputs 
e Single 5 V + 10% Power Supply 
e Choice of 5 V or 3.3 V + 10% Power Supplies for Output Level Compatibility Write Enable 
e Fast Access Times: 14/19/24 ns Max and Cycle Times: 20/25/30 ns Min vee Output Enable 
e Internal Input Registers (Address, Data, Control) Chip Selects 
e Internally Self-Timed Write Cycle 7 BAA ..-- Burst Address Advance 
e TSP, TSC, and BAA Burst Control Pins Transfer Start 
e Asynchronous Output Enable Controlled Three-State Oupers: : Data Input/Output 
e Common Data Inputs and Data Outputs | + 5 V Power Supply 
e High Output Drive Capability: 85 pF per I/O | 3 Output Buffer Power Supply 
e High Board Density PLCC Package 
e Fully TTL Compatible Output Buffer Ground 
e Active High and Low Chip Select Inputs for Easy Depth Expansion 


All power supply and ground pins must be 
connected for proper operation of the device. 
Voc 2 Vocq at all times including power up. 


BurstRAM is a trademark of Motorola, Inc. 


This document contains information on a product under development. Motorola reserves the right to change or discontinue this product without notice. 
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BLOCK DIAGRAM (See Note) 


BAA ® 
K 
| j ' 
so - 


EXTERNAL 


BURST LOGIC 






INTERNAL 
ADDRESS 







BINARY 
COUNTER 





















ADDRESS ADDRESS 
A14-A0 REGISTERS 
\/ 
bs DATA-IN 
" REGISTER REGISTERS 
50 ENABLE OUTPUT 
3 REGISTER Za BUFFER 
G 
9 
pQ0-Da8 


NOTE: All registers are positive-edge triggered. The TSC or TSP signals control the duration of the burst and the start of the next burst.When 
TSP is sampled low, any ongoing burst is interrupted and a read (independent of W and TSC) is performed using the new external 
address. When TSC is sampled low (and TSP is sampled high), any ongoing burst is interrupted and a read or write (dependent on W) 
is performed using the next external address. Chip selects (SO, S1) are sampled only when a new base address is loaded. After the first 
cycle of the burst, BAA controls subsequent burst cycles. When BAA is sampled low, the internal address is advanced prior to the 
operation. When BAA is sampled high, the internal address is not advanced, thus inserting a wait state into the burst sequence accesses. 
Upon completion of a burst, the address will wrap around to its initial state. See BURST SEQUENCE GRAPH. 


BURST SEQUENCE GRAPH (See Note) 


A1’, AQ’ = 


NOTE: The external two values for Ai and AO 
provide the starting point for the burst 
sequence graph. The burst logic advances 
A1 and AO as shown above. 
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SYNCHRONOUS TRUTH TABLE (See Notes 1, 2, 3, and 4) 


N/A | 











wo 
> 
> 





Hi NA Deselected 
— External Address Read Cycle, Begin Burst 
External Address Write Cycle, Begin Burst 


External Address Read Cycle, Begin Burst 


lel el A ee 
ps a Os oD 


- Next Address Write Cycle, Continue Burst 
- Next Address Read Cycle, Continue Burst 


- Current Address Write Cycle, Suspend Burst 
-H Current Address Read Cycle, Suspend Burst 


ree ee 
a OO Oe 









rm 





NOTES: 
1. X means Don't Care 
2. Allinputs except G must meet setup and hold times for the low-to-high transition of clock (K). 
3. S represents SO and S17. T implies SO = H and S1 =L; F implies SO = L or S1 =H. 
4. Wait states are inserted by suspending burst. 


ASYNCHRONOUS TRUTH TABLE (See Notes 1 and 2) 


| Operation =| GO| vO Status 

Data Out (0G0-DQ8) | 

ee ee 
: 







High-Z — Data In (0Q0-DQ8) 
Deselected High-Z 


NOTES: 
1. X means Don’t Care 
2. For a write operation following a read operation, G must be high before the input data required 
setup time and held high throughout the input data hold time. 





ABSOLUTE MAXIMUM RATINGS (Voltages referenced to Vss = 0 V) 


| Rating | Symbot | Value | unit_| 
[Output Current per'vO) Ltt | 20 mak 












This device contains circuitry to pro- 
tect the inputs against damage due 
to high static voltages or electric 
fields; however, itis advised that nor- 
mal precautions to taken to avoid 
application of any voltage higher 
than maximum rated voltages to this 
high-impedance circuit. 


This CMOS memory circuit has 
been designed to meet the dc and ac 
specifications shown in the tables, 
after thermal equilibrium has been 
established. 


Power Dissipation (Ta = 70°C, Vcc = 5 V, P ee 
{KHKH = 20 ns) 


NOTE: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are exceeded. 
Functional operation should be restricted to RECOMMENDED OPERATING CONDITIONS. 
Exposure to higher than recommended voltages for extended periods of time could affect 
device reliability. 
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DC OPERATING CONDITIONS AND CHARACTERISTICS 
(Voc = 5.0 V + 10%, Vocg = 5.0 Vor 3.3 V + 10%, Ta = 0 to + 70°C, Unless Otherwise Noted) 


RECOMMENDED OPERATING CONDITIONS (Voltages referenced to Vss = 0 V) 


Output Buffer Supply Voltage 


(5.0 V TTL Compatible) 
(3.3 V 50 Q Compatible 





Input Low Voltage 
* Vi_ (min) = — 3.0 V ac (pulse width < 20 ns) 


DC CHARACTERISTICS 
Parameter 
Input Leakage Current (All Inputs, Vin = 0 to Vcc) 
Output Leakage Current (G, S1 = Vin, SO = ViL, Vout = 9 to Vocq) 


AC Supply Current (G, ST = Vip, SO = Vi, . MCM62940-14: tkHKH = 20 ns 
All Inputs = Vi = 0.0 V and Vip 2 3.0 V, lout = 0 mA, MCM62940-24: tkHKH = 25 ns 
Cycle Time 2 tk HKH min) MCM62940-19: tkHKH = 30 ns 


Standby Current (S1 = Viyy, SO = Vy, All Inputs = Vy and Vip, Cycle Time 2 tk yKH min) 


CMOS Standby Current (S1 2 Voc — 0.2 V, SO < 0.2 V, All Inputs = Voc — 0.2 V or < 0.2 V, 
Cycle Time 2 tk KH min) 


[Ouputtow olge (ox =we0n)——SSSCSC~“~“*~*“‘“~*S*S*S*~*~srC NP Sw 


Output High Voltage (loy = — 4.0 mA) 
NOTE: Good decoupling of the local power supply should always be used. DC characteristics are guaranteed for all possible MC68040 bus cycles. 





CAPACITANCE (f = 1.0 MHz, dV = 3.0 V, Ta = 25°C, Periodically Sampled Rather Than 100% Tested) 


Pherae —*d«Smbot | To | Man 
Input Capacitance (All Pins Except DQ0-DQ8) | Cn | 4 | 8 | 
Input/Output Capacitance (DQ0-DQ8) er ae ee ee 
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AC OPERATING CONDITIONS AND CHARACTERISTICS 
(Voc = 5.0 V + 10%, Vocg = 5.0 V or 3.3 V + 10%, Ta = 0 to + 70°C, Unless Otherwise Noted) 


Input Timing Measurement Reference Level ............... 1.5V Output Timing Reference Level .................0.0 0000 1.5V 
INDULPUISE LOVES e:0\5 9045 spares wo Seki eee Ned eee 0 to 3.0 V Output Load ............ See Figure 1A Unless Otherwise Noted 


Input Aise/ Fall Time: s.45 35h osa.ces pet naw ed theres enw seet 3 ns 


READ/WRITE CYCLE TIMING (See Notes 1, 2, and 3) 


| __Symbot____|_ mcmezoao-14_ | mcmezeao-19 | mcMez040-24 | 
Parameter Standard | Alternate | Min | 

Cycle Time 

Clock Access Time | tkHav. | tcp | — 

a ea 

eee 


0 
Output Enable to Output Valid tGLaQV 

3 

5 





tcb 
Clock High to Output Active 
Clock High to Output Change | tkHaxe | tpoc2 | 5 | 
Output Enable to Output Active | tetox | toz | 0 | 
Output Disable toQHigh-Z | tgugz | tonz | — | 
Clock High to Q High-Z | tkHoz | toz | — 
Clock High Pulse Width | tkuxe | tty | 8 | 
Clock Low Pulse Width | tKiKH | tor | 8 | 


Setup Times: Address 
Address Status 

Data In 

Write 

Address Advance 

Chip Select 













Address 
Address Status 
Data In 

Write 

Address Advance 
Chip Select 





Hold Times: 









| Max _| 
ees) 
Eee 
ee 
a 
ieead 
Eee 


| Min | Max | Min | 
| 2 | — | 30 | 
P — | i | - 
| - | es {| — | 
Ps | — | 3 
ps | — ] 8 | 
po | — | oo | 
|p —- [| es {| - | 
p- fw | - | 
Ee ee 
Pe ea ee 
tas 3 3 3 
: ; ad 
tos 
tws 
i aie 
tSH 
tDH 
tWH 
NOTES: 


1. Aread cycle is defined by W high or TSP low for the setup and hold times. A write cycle is defined by W low and TSP high for the setup and 
hold times. 

2. All read and write cycle timings are referenced from K or G. 

3. Gis a don’t care when W is sampled low. 

4 

5 





. Maximum access times are guaranteed for all possible MC68040 external bus cycles. 
. Transition is measured + 500 mV from steady-state voltage with load of Figure 1B. This parameter is sampled and not 100% tested. At any 
given voltage and temperature, tgHQz max is less than tg_Q x min for a given device and from device to device. 3 fo 
6. This is a synchronous device. All addresses must meet the specified setup and hold times for ALL rising edges of clock (K) whenever TSP 
or TSC are low and the chip is selected. All other synchronous inputs must meet the specified setup and hold times for ALL rising edges of K 
when the chip is selected.Chip select must be true (S1 low and SO high) at each rising edge of clock for the device (when TSP or TSC is low) 
to remain enabled. Timings for S1 and SO are similar. 


AC TEST LOADS 
+5 V +5 V 
480 480 
DQ DQ 
255 85 pF 255 5 pF 
(INCLUDING (INCLUDING 
SCOPE AND JIG) SCOPE AND JIG) 
Figure 1A Figure 1B 
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READ CYCLE 


tKHKH—* 


tTSVKH 


'KHTSX 
YY UM 









KY YY YOY 


'TSVKH= 


VAY 
AX 





{KHTSX 


WY (XY \A 





rs YY XXXXKKKKY 
aooness KKK KY a IKK ee KKK KIKI KKKK KKK KKK 
: AXXXXXXNY ZY XY OX 


tS1VKH™ 


(30 =Vin) KAKA 


YY 








TC CONAaenn 


KOO AKA AAA 










sem YXOXKKXKKNEKKNY KKK | 


V/V VY YYVY 
KXAKKKX 


a : ——fe- 
{KHOX1 {KHOX2 a 'KHOZ 


DATA~ /\V/ VV WY 
oT (Kray XX oe KK cere XX a+ 


[e———— READ ————m| ep BURST READ om 


'GHOZ tKHOV 


NOTE: Q1(A2) represents the first output from the external address A2; Q2(A2) represents the next output data in the burst sequence 
with A2 as the base address. 
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WRITE CYCLE 
{KHKH 
K 
'KHKL 
KLK : ae 'KHTSX 
15P XY VV X \. k x VV KY XX XXY XXY 


——=— {KHTSX 


he | AT YORK ORY 


x 'KHAX 
2 


LAX 


TH XY UXXXXXXKY 
















aponess XXXXKXX At KKK 


LIN 








, r— tKHWX 
W XXXXKXXAXXXMA AN XA | AXA AX AMD 
'SOVKH oe 
'KHSOX 
wieviy XXXXXXXY — UKXXXXXX  KKXXXAXXXXXXXXXAKAAAKAKKAKN 






tKHBAX 


Eee 
BAK XXXXXXXXKXY XXXAMAA | RXA AXA AX 


'DVKH 'KHDX 
oN XX oan XX Drtae) KAR Dwar AX Datae) KK 0atk2) KK dala ) 


SINGLE 
-— WRITE a+ —_____—_ BURST WRITE + 





NOTE: G = Vin 
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APPLICATION EXAMPLE 


DATA BUS 


ADDRESS BUS 








MC68040 







[ADDR DATA 


CONTROL 


128K BYTE BURSTABLE, SECONDARY CACHE 
USING FOUR MCM62940FN24’S WITH A 33 MHz MC68040 


ORDERING INFORMATION 
(Order by Full Part Number) 


MCM 62940 xX XX 


Motorola Memory ee te Speed (14 = 14.ns, 19 = 19 ns, 24 = 24 ns) 


Part Number 





Package (FN = PLCC) 
Full Part Number — MCM62940FN14 MCM62940FN19 MCM62940FN24 
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m= SEMICONDUCTOR 
TECHNICAL DATA 








Product Preview 
32K x 9 Bit Synchronous 
Static RAM 


The MCM62950 is a 294,912 bit synchronous static random access 
memory organized as 32,768 words of 9 bits, fabricated using Motorola’s 
high-performance silicon-gate CMOS technology. The device integrates 
input registers, high-speed SRAM, and high drive capability outputs onto a 
single monolithic circuit for reduced parts count implementation of cache 
data RAM applications. Synchronous design allows precise cycle control 
with the use of an external clock (K). Asynchronous controls consist of 
asynchronous write enable (AW) and output enable (G). CMOS circuitry 
reduces the overall power consumption of the integrated functions for 
greater reliability. 

Addresses (AO—A14) and control signals, except output enable (G) and 
asynchronous write enable (AW), are sampled through 
positive-edge-triggered noninverting registers. Data outputs are 
asynchronously controlled by G. 

Write cycles are differentiated from read cycles by the state of the 
synchronous write enable pin (SW) at the rising edge of K. Write cycles 
are completed only if AW is asserted within the specified setup time to the 
following rising edge of K. Write cycles may be aborted by negating the 
AW signal prior to the low going edge of K. Data for the write may be 
delayed until the latter half of the write cycle. 

The MCM62950 is packaged in a 44-pin plastic leaded chip carrier 
(PLCC). Multiple power and ground pins have been utilized to 
minimize effects induced by output noise. Separate power and ground 
pins have been employed for DQ0—DQ8 to allow user-controlled 
output levels of 5 volts or 3.3 volts. 


Single 5 V + 10% Power Supply 


Fast Access Times: 20/25 ns Max and Cycle Times: 20/25 ns Min 
Internal Input Registers (Address, Control) 

Late Write Abort Feature 

Output Enable Controlled Three-State Outputs 

Common Data Inputs and Data Outputs 

High Output Drive Capability: 85 pF per I/O 

High Board Density PLCC Package 

Fully TTL Compatible 

Active High and Low Chip Select Inputs for Easy Depth Expansion 





Choice of 5 V or 3.3 V + 10% Power Supplies for Output Level Compatibility 


MCM62950 _ 





FN PACKAGE 
44~LEAD PLCC 
CASE 777 


PIN ASSIGNMENT 


- co BO On aa & 

<q qarea2aése-reror<et tect <t 

Alt 
Al2 
A13 
Al4 
Vgs 
DQ7 
DQ6 


Vssq 


Veca 
DQ5 


1748 19 20 21 22 23 24 25 26 27 DQ4 


2 FD =o wn - o OC 
S 2IZI5 8S B'I° ZiT s 7) 
BBS os Bg 


Address Inputs 


Synchronous Write 
Asynchronous Write 
Output Enable }. 
Chip Selects 
Data Input/Output 
+5 V Power Supply 
Output Buffer Power Supply 


Output Buffer Ground 





All power supply and ground pins must be | 
connected for proper operation of the device. 
Voc 2 Vocqat all times including power up. 


This document contains information on a product under development. Motorola reserves the right to change or discontinue this product without notice. 
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BLOCK DIAGRAM 


15 32K x9 


A0-A14 mel ADDRESS MEMORY ARRAY 


REGISTERS 








WRITE 4 
REGISTER L__¢ WRITE 
= BUFFER 
sO ENABLE 
5 REGISTER 5 


G 


OUTPUT 
BUFFER 





9 : 
DQ0~-DQ8 


SYNCHRONOUS TRUTH TABLE (See Notes 1, 2, 3, and 4) 


| open | 
r 
of 
x 










/O Status 









ae ee 
Pee ee en 


1. X means Don’t Care 

2. SO, S1, and W must meet setup and hold times for the low-to-high transition of clock (K). 
3. S represents SO and S1. T implies S1 = L and SO = H; F implies $1 = H or SO = L. 

4. W = (L) implies W = L for the last clock transition from low to high. Similarly for S = (T). 


AC TEST LOADS 
+5 V +5V 
480 480 
DQ DQ 
255 85 pF 255 5 pF 
(INCLUDING INCLUDING 
SCOPE AND JIG) COPE AND JIG) 
Figure 1A Figure 1B 
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ABSOLUTE MAXIMUM RATINGS (Voltages referenced to Vss =0V) 


| Symbol | Value 
| 
TA 


Power Supply Voltage 


Voca -0.5toVcc 


Output Power Supply Voitage 
Voltage Relative to Vss 


Output Current (per I/O) bb 


Power Dissipation (Ta = 70°C, Vcc =5 V, 1.2 w 
'KHKH = 20 Ns) 
Temperature Under Bias - 10 to + 85 


Cont 
oe 
sz 

Vin Vout | =08i0 Veo +08 |v 
az 


V 
V 
Vv. 
A 
°C 
° 


This device contains circuitry to pro- 
tect the inputs against damage due 
to high static voltages or electric 
fields; however, it is advised that nor- 
mal precautions to taken to avoid 
application of any voltage higher 
than maximum rated voltages to this 
high-impedance circuit. 


This CMOS memory circuit has 
been designed to meet the dc and ac 
specifications shown in the tables, 
after thermal equilibrium has been 





NOTE: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are exceeded. 
Functional operation should be restricted to RECOMMENDED OPERATING CONDITIONS. 
Exposure to higher than recommended voltages for extended periods of time could affect 
device reliability. 


Storage Temperature 


DC OPERATING CONDITIONS AND CHARACTERISTICS 
(Voc = Vocg = 5.0 V + 10%, Ta = 0 to + 70°C, Unless Otherwise Noted) 


RECOMMENDED OPERATING CONDITIONS (Voltages referenced to Vss = 0 V) 
Parameter 


Supply Voltage (Operating Voltage Range) 


Output Buffer Supply Voltage | 
(5.0 V TTL Compatible) 
(3.3 V 50 Q Compatible 





Input High Voltage 
Input Low Voltage 


* Vit (min) = — 3.0 Vac (pulse width < 20 ns) 





DC CHARACTERISTICS 
Parameter 


Input Leakage Current (All Inputs, Vjn = 0 to Vcc) 
Output Leakage Current (G, S1 = Viv, SO = VIL, Vout = 0 to Voc) 


AC Supply Current (G, SO = Vjy, S1 = Vy, 
All Inputs = Vj, = 0.0 V and Vij = 3.0 V, lout = 0 MA, 
Cycle Time 2 tkHKH min) 


Standby Current (S1 = Vj, SO = Viz, All Inputs = Vj_ and Vj}) 


CMOS Standby Current (S1 = Vcc — 0.2 V, SO < 0.2 V, All Inputs > Voc - 0.2 Vor < 0.2 V, 
Cycle Time = tk HKH Min) 


Output Low Voltage (lo, = + 8.0 mA) 


Output High Voltage (loy = — 4.0 mA) 


MCM62950-20: tkHKH = 20 ns 
MCM62950-25: tk HKH = 25 ns 





NOTE: Good decoupling of the local power supply should always be used. 


CAPACITANCE (f = 1.0 MHz, dV = 3.0 V, Ta = 25°C, Periodically Sampled Rather Than 100% Tested) 


— 
oo 


| Input Capacitance (All Pins Except DQ0—DQ8) 
Input/Output Capacitance (DQO—DQ8) Cio | a | 10 | pF | 
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AC OPERATING CONDITIONS AND CHARACTERISTICS 
(Vcc = VCCQ = 5.0 V + 10%, Ta = 0 to + 70°C, Unless Otherwise Noted) 


Input Timing Measurement Reference Level................ 1.5V Output Timing Reference Level.................-. 000 e eee 1.5V 
NPUCPUISE LEVElS..5 occ cuaueasa el ehaddoiveknedes 0to 3.0 V Output Load ............ See Figure 1A Unless Otherwise Noted 
INDULRISO/ Fall WMG: creat lites cee ae tee a Mery dana 3 ns 


READ/WRITE CYCLE TIMING (See Notes 1, 2, and 3) 


MCM62950-20 
Parameter Symbol | Min | Max | Min | Max | 


Clock Control: 


Cycle Time tKHKH = 25 
Clock High Pulse Width tKHKL aa 11 
Clock Low Pulse Width tKLKH 14 


S 


=) =) = 
2) n n n ” n 






Read Access Times: 
Clock Access Time tKHQV 
Output Enable to Output Valid IGLQV 
Aborted Write Cycles: 
tKLAWH 
'KHAWX 















3 


Clock Low to Asynchronous Write High 
Clock High to Asynchronous Write Invalid 


Write Cycles: 
Asynchronous Write Low to Clock High 
Clock High to Asynchronous Write Invalid 
Data-In Valid to Clock High (Transparent Data) 
Clock High to Data Invalid (Transparent Data) 


20 
8 









Output Buffer Control: 
Clock High to Output Low-Z after Write 
Clock High to Output Change 
Output Enable to Output Active 
Output Disable to Q High-Z 

Clock High to Q High-Z 


10 








Registe Setup Times for: Address n 
Synchronous Write 
Chip Select 
Register Hold Times for: Address tKHAX = 2 ns 
Synchronous Write tKHWX 
Chip Select tKHSOX 
'KHS1X | 





NOTES: 

1. Aread cycle is defined by SW high for the setup and hold times. A write cycle is defined by SW low for the setup and hold times. 

2. All read and write cycle timings are referenced from K or G. 

3. Gis a don’t care when SW is sampled low. 

4. Transition is measured + 500 mV from steady-state voltage with load of Figure 1B. This parameter is sampled and not 100% tested. At any 
given voltage and temperature, tgHqz Max is less than tg_Qx min for a given device and from device to device. 

5. This is a synchronous device. All address inputs must meet the specified setup and hold times with stable logic levels for ALL rising 
edges of clock (K) when the device is selected. All synchronous inputs must meet the specified setup and hold times with stable logic levels for 
ALL rising edges of clock (K) when the device is selected. Timings for S1 and SO are similar. 
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READ CYCLE 
 KHKH 


pu TKHKL 


'KLKH 


rooness X MXXXX LXXXXX__YXYXY 





—t—'Kusox 
7 ie 'SOVKH 
S0 (St = Viy) XX) XXX) 
an KHSWX 
7 sy swe 
SW OX | XY KX) 
eae ~—t— 'KHaxe 
panour —t- 4X ost XXX 9 
| "KHOX! ; “GLaV 


Z ; 
ae = ‘Lax 


>| 


READ-WRITE-READ CYCLE 


YKHKH 


4 TKHKL 







~ 





ADDRESS XXX? ( 

SW XXX 
DATA IN XXX) 
DATA OUT 
tkHoxy ‘AWLKH , 'KLAWH 
pare 
— / 
AW XXXXXXXAAAAXAMA RAXXXKXXKX = RXXXKX 
READ WRITE READ ere 


ORDERING INFORMATION 
(Order by Full Part Number) 


MCM 62950 X Xx 


Motorola Memory a Wee Speed (20 = 20 ns, 25 = 25 ns) 


Part Number Package (FN = PLCC) 
Full Part Number ~ MCM62950FN20 MCM62950FN25 
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MCM62960 


Product Preview 
32K x 9 Bit Synchronous 
Static RAM 


The MCM62960 is a 294,912 bit synchronous static random access 
memory designed to provide a high-performance, cache for the SPARC™ FN PACKAGE 
Family of microprocessors. it is organized as 32,768 words of 9 bits, Maro 
fabricated using Motorola’s high-performance silicon-gate CMOS 
technology. The device integrates input registers, high-speed SRAM, and 





high drive capability outputs onto a single monolithic circuit for reduced PIN ASSIGNMENT 

parts count implementation of cache data RAM applications. er er rr n=: 
Synchronous design allows precise cycle control with the use of an Be ee ee 

external clock (K). CMOS circuitry reduces the overall power consumption 

of the integrated functions for greater reliability. Ps Alt 


Al2 
A13 
1 A14 
Vgs 
pQ7 
DQ6 


Vssq 


Voca 
DQ5 


DQ4 


Output enable (G) is an asynchronous control input. Addresses 
(AO—A14) and chip select inputs (SO, S1) are sampled through 
positive-edge-triggered, noninverting registers on the rising edge of the 
clock input (K). Write enable (W) and data-in are sampled on the following 
edge of K through negative-edge-triggered, noninverting registers. 

The MCM62960 is packaged in a 44-pin plastic leaded chip carrier 
(PLCC). Multiple power and ground pins have been utilized to 
minimize effects induced by output noise. Separate power and ground 
pins have been employed for DQ0-—DQ8 to allow user-controlled 
output levels of 5 volts or 3.3 volts. 


e Single 5 V + 10% Power Supply 
e Choice of 5 V or 3.3 V + 10% Power Supplies for Output Level Compatibility 8 ZSIF= 8 B'S BlSS 
e Fast Access Times: 17/20/24 ns Max and Cycle Times: 20/25/30 ns Min al . 
e Internal Input Registers (Address, Control, Data) 

e Internally Self—-Timed Write Cycle 

e Output Enable Controlled Three-State Outputs 

e Common Data Inputs and Data Outputs 





VSs 


e High Output Drive Capability: 85 pF per I/O Write Enable 

, Output Enable 
e High Board Pensly PLCC Package — Chip Selects 
e Fully TTL Compatible Data Input/Output 


e Active High and Low Chip Select Inputs for Easy Depth Expansion +5 V Power Supply 
Output Buffer Power Supply 


Output Ground 
No Connection 





Ail power supply and ground pins must be 
connected for proper operation of the device. 
Voc 2 Vccqatall times including power up. 


SPARC is a trademark of Sun Corp. 
This document contains information on a product under development. Motorola reserves the right to change or discontinue this product without notice. 
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BLOCK DIAGRAM 
K 
~ 4 15 
32K x 9 
AO-A14 ADDRESS , 
: REGISTERS MEMORY ARRAY 
Ww 
REGISTER 
g 
O) 
DATA-IN 
Si REGISTER ¥F | 
° Ee OUTPUT 
= BUFFER 
DATA-IN 
REGISTER 
DQ0-Das 


TRUTH TABLE (See Notes 1, 2, 3, and 4) 


___ Input/Output 
High-Z Deselected 


Read Cycle 
High-Z Read Cycle 
Write Data In | WriteCycle 





NOTES: 
1. X means Don’t Care 
2. Alladdress and chip select inputs must meet setup and hold times for ALL low-to-high transitions of clock 
(K). W input must meet setup and hold times for ALL high-to-low transitions of clock (K). 
3. S represents SO and S1. T implies S1 = L and SO = H; F implies S1 = H or SO =L. 


4. During a write cycle, G must be high before the input data required setup time and held high throughout 
the data hold time. 
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ABSOLUTE MAXIMUM RATINGS (Voltages referenced to Vsg = 0 V) 


Rating This device contains circuitry to pro- 


[Unit tect the inputs against damage due 

Power Supply Voltage - 0.5 to 7.0 Evers to high static voltages or electric 
Output Power Supply Voltage Voca ~0.5to Voc fields; however, itis advised that nor- 
mal precautions to taken to avoid 

Vollage Melalive 10.¥Ss — 0:5 to Veg + 0.5 application of any voltage higher 


Output Current (per I/O) than maximum rated voltages to this 
high-impedance circuit. 
Power Dissipation (Ta = 70°C, Voc = 5 V, rn 
t = 20ns 
KHKH This CMOS memory circuit has 
Temperature Under Bias been designed to meet the dc and ac 
specifications shown in the tables, 
after thermal equilibrium has been 
established. 





NOTE: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are exceeded. 
Functional operation should be restricted to RECOMMENDED OPERATING CONDITIONS. 
Exposure to higher than recommended voltages for extended periods of time could affect 
device reliability. 


DC OPERATING CONDITIONS AND CHARACTERISTICS 
(Voc = Vocg = 5.0 V + 10%, Ta = 0 to + 70°C, Unless Otherwise Noted) 
























Veca V 
4.5 5.0 5.5 
(3.3 V 50 Q Compatible) 3.0 3.3 3.6 


Supply Voltage (Operating Voltage Range) 
Output Buffer Supply Voltage 
Input High Voltage Vin 30 |Voc+03 
Input Low Voltage V 


RECOMMENDED OPERATING CONDITIONS (Voltages referenced to Vss = 0 V) 
(5.0 V TTL Compatible) 
* Vit (min) = - 3.0 Vac (pulse width < 20 ns) 






DC CHARACTERISTICS 
Parameter 
Input Leakage Current (All Inputs, Vin = 0 to Vcc) 
Output Leakage Current (G, $1 = Viv, SO = VIL, Vout = 9 to Voc) 


AC Supply Current (G, SO = Vip, S1 = Vi, MCM62960-20: tkHKH = 25 ns 
All Inputs = Vy_ = 0.0 V and Vip 2 3.0 V, lout = 0 mA, MCM62960-24: tkHKH = 30 ns 
Cycle Time = tk HKH min) 


CMOS Standby Current (S1 2 Voc — 0.2 V, SO <.0.2 V, All Inputs > Voc - 0.2 V or < 0.2 V, 
Cycle Time 2 tk HKH min) 





NOTE: Good decoupling of the local power supply should always be used. 


CAPACITANCE (f = 1.0 MHz, dV = 3.0 V, Ta = 25°C, Periodically Sampled Rather Than 100% Tested) 


Input Capacitance (All Pins Except DQ0—DQ8) 
Input/Output Capacitance (DQ0—-DQ8) Cio Eee Oe | pee, | 
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AC OPERATING CONDITIONS AND CHARACTERISTICS 
(Voc = Vecg = §.0 V t 10%, Ta = 0 to + 70°C, Unless Otherwise Noted) 


Input Timing Measurement Reference Level ................ 1.5V Output Timing Reference Level .....................0008, 1.5V 
Input Pulse Levels: 25 2scs ivedievsat tous sieiedeevess 0 to 3.0 V Output Load ............ See Figure 1A Unless Otherwise Noted 
input Rise/Fall TMG: i 6.645500 deisr hbo kaakeuy eee beaaeas 3 ns 


READ/WRITE CYCLE TIMING (See Notes 1, 2, and 3) 


Symbol 









MCM62960-20 


MCM62960-17 









Clock Control: 
Cycle Time 25 
Clock High Pulse Width 10 






Clock Low Pulse Width 


OWWNW!|MMNMwWN] | OTaw vi fs 









Read Cycles: 
Clock Access Time 
Output Enable to Output Valid 


tKHQV 











Output Buffer Control: 
Clock High to Output Low-Z 
Clock High to Output Change 
Clock High to Q High-Z 
Output Enable to Output Active 
Output Disable to Q High-Z 


Register/Latch Setup Times: Address 
Data 

Write Enable 

Chip Select 





























Register/Latch Hold Times: Address | tkHAX 
Data tKLDX 

Write Enable tkKLWX 

Chip Select tKHSOX 








'KHS1X 





NOTES: 

1. A read cycle is defined by W high for the setup and hold times. A write cycle is defined by W low for the setup and hold times. 

2. All read and write cycle timings are referenced from K or G. 

3. Transition is measured + 500 mV from steady-state voltage with load of Figure 1B. This parameter is sampled and not 100% tested. At any 
given voltage and temperature, tgHQz Max is less than tg_Q x min for a given device and from device to device. 

4. This is a synchronous device. All synchronous inputs must meet the specified setup and hold times with stable logic levels for ALL rising (or 
falling in the case of W and Data In) edges of clock (K) when the device is selected. To select or deselect the device, both chip selects must be 
valid at the rising edge of K. Timings for S1 and SO are similar. 





AC TEST LOADS 
+5V +5 V 
480 480 
DQ DQ 
255 85 pF 255 5 pF 
(INCLUDING INCLUDING 
SCOPE AND JIG) COPE AND JIG) 
Figure 1A Figure 1B 
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READ — WRITE CYCLE 


) ae 
TO XE cL eamnD TOK XX EXE 


ADDRESS 


A 
NWVKL 
ig —Twx 


XY WAN 


XX 


A 
$1 (SO = Vi) AK - ( A AXX) 
'GHOZ 
' 5 
¥ t 


DATAOUT — 8 AK 28) ) os 





'KLOX 
_ i LOVKL 
DATA IN { 00) KX OE) 
a READ WRITE 
ORDERING INFORMATION 


(Order by Full Part Number) 


MCM 62960 X xX 


Motorola Memory oe a _ Speed (17 = 17 ns, 20 = 20 ns, 24 = 24 ns) 


Part Number Package (FN = PLCC) 
Full Part Number — MCM62960FN17 MCM62960FN20 MCM62960FN24 
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MCM62963 


Product Preview 
4K x 10 Bit Synchronous Static RAM 


with Output Registers 


The MCM62963 is a 40,960 bit synchronous static random access memory organized as 
4096 words of 10 bits, fabricated using Motorola’s second-generation high-performance 
silicon-gate CMOS (HCMOS Ili) technology. The device integrates input registers, high FN PACKAGE 
speed SRAM, and high-drive capability output registers onto a single monolithic circuit. 44-LEAD PLCC 
This allows reduced parts count implementation of cache data RAM, writeable control CASE 777 
store applications, and other applications that utilize long words. 

Synchronous design allows precise cycle control with the use of an external clock (K), 
while CMOS circuitry reduces the overall power consumption of the integrated functions PIN ASSIGNMENT 
for greater reliability. 

The address (AO-A11), data (DO-D9), write (W), and chip enable (E) in- 
puts are all clock (K) controlled, positive-edge-triggered, noninverting 





qo 
co o@m © WM wr ~; GN 
r=) aaqcaespaecauack< 
6 43 2 1 









registers. 43 42 ; 
The chip enable (E) input is a synchronous input clock that places the ps5} 7 39 {J AO 
device in a low power mode when high at the rising edge of the clock (K). nc 8 38 Nas 
The MCM62963 provides output register operation. At the rising edge of 
clock (K), the RAM data from the previous clock (K) high cycle is NcUo 37 1.08 
presented. D4 1 36 11 07 
Write operations are internally self-timed and initiated by the rising edge p3f 35 [] Vssq 


of the clock (K) input. This. feature eliminates complex off-chip write pulse 
generation and provides increased flexibility for incoming signals. 


i 1 
Single 5 V + 10% Power Supply ue . | sid 
Fast Cycle Times: 18/20/25/30 ns Max wt 32 NC 
Fast Clock (K) Access Times: 10/10/10/13 ns Max A7[ 31 DNC 


Address, Data Input, E, and W Registers On-Chip asl 30 1104 
Output Registers for Fully Pipelined Applications 
High Output Drive Capability 

Internally Self-Timed Write Pulse Generation 
Separate Data Input and Data Output Pins 


BLOCK DIAGRAM 


AO-A1l || ADDRESS Vec , 
REGISTERS 4K x10 Address Inputs 





ROW MEMORY MATRIX Vss Ww Write Enable 
DECODERS 128 ROWS x Chip Enable 

ache a 320 COLUMNS Data Inputs | 
Vssa Data Outputs 


Clock Input 
+5.V Power Supply 





REGISTERS f 
CONTROL ze COLUMN 110 
REGISTERS od COLUMN Hi 
DECODERS 
WRITE PULSE Eee 
GENERATOR 

K CLOCK 

INPUT Lt 
col 


A7, Aii, AiG, AS, A8 
MSB LSB 
This document contains information on a product under development. Motorola reserves the right to change or discontinue this product without notice. 





Output Buffer Ground 
No Connection 





For proper operation of the device Vss 
and both Vssq leads must be con- 
nected to ground. 
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TRUTH TABLE 








This device contains circuitry to protect the 
inputs against damage due to high static 
voltages or electric fields; however, it is ad- 
vised that normal precautions be taken to 


Read | Pout 
oem dee avoid application of any voltage higher than 
Not Selected | = HighZ maximum rated voltages to this high- 


NOTE: The values of E and W are valid inputs for the setup and hold times relative to impedance circuit. 
the K rising edge. 


TE | W | Operation 
ae 
ES eae 





This is a synchronous device. All synchron- 
ous inputs must meet the specified setup 
and hold times with stable logic levels for 
ALL rising edges of clock (K)-/hile the de- 
vice is selected. 


ABSOLUTE MAXIMUM RATINGS (Voltages referenced to Vgg = Vssq=0 V) 


Value 
Power Supply Voltage | Veco | -—0.5 to +7.0 


Voltage Relative to Vgs/Vssq for Any Vins Vout | —9.5 to Voc +0.5 
Pin Except Vcc 


output Curent pov) 
Powe iipeton 74-2590 Pa 
“Oto +85 


NOTE: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are 
exceeded. Functional operation should be restricted to RECOMMENDED 
OPERATING CONDITIONS. Exposure to higher than recommended voltages for 
extended periods of time couid affect device reliability. 







This device contains circuitry that will en- 
sure the output devices are in High Z at 
power up. Care should be taken by the user 
to ensure that all clocks are at Vi_ or Vip 
during power up to prevent spurious read 
cycles from occurring. 


DC OPERATING CONDITIONS AND CHARACTERISTICS 
(Vcc =5.0 V +10%, Ta =0 to 70°C, Unless Otherwise Noted) 


RECOMMENDED OPERATING CONDITIONS (Voltages referenced to Vgg = Vssq=0 V) 


*Vi_ (min) = —3.0 V ac (pulse width <20 ns) 











DC CHARACTERISTICS 


po Parameter Symbol 
input Leakage Current (All Inputs, Vj, =0 to Vcc) | tka) _| : 
Output Leakage Current (E= Vi, Vout =0 to Vcc, Outputs must be high-Z) | Itkaioy _| 


AC Supply Current (E= Vj, All Inputs=Vy_ or Vip, Ioyt=0 mA, Cycle 
Time =tkKHKH min) MCM62963-18: tKHKH = 18 ns 
MCM62963-20: tkHKH =20 ns 
MCM62963-25: tkHKH = 25 ns 
MCM62963-30: tkHKH = 30 ns 


Standby Current (E=Vjyy, Vip =3.0 V, Vip 50.4 V, lout =O mA, Cycle 
Time = =tKHKH min) 


Output Low Voltage (IQ, = 12.7 mA) 
Output High Voltage (IQH = — 1.8 mA) 


































Characteristic 
Input Capacitance 
Output Capacitance 
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AC OPERATING CONDITIONS AND CHARACTERISTICS 
(Vcc =5.0 V +10%, Ta =0 to +70°C, Unless Otherwise Noted) 


Input Timing Measurement Reference Level .......... 1.5V Output Timing Measurement Reference Level ......... 1.5 V 
Input Pulse Levels ..........00 0000 ee eeeae 0 to 3.0 V Output Load.......... See Figure 1A Unless Otherwise Noted 
Input Rise/Fall Time ........... 0.02 eee eee ene 5 ns 


READ CYCLE (See Note 1) 


Cmcanimcoune = geal | ee = at 
ak hw Oh zE=v Luge | |e | Pe |e |e oe 


Secon Fuse heh Bf 8 


Clock High Pulse Width tKHKL 
— Pee CCC Ceri 
‘ain vPperttia ec 1 | 


NOTES: 
1. A read is defined by W high and E low for the setup and hold times. 
2. All read cycle timing is referenced from K. 
3. Valid data from K high will be the data stored at the address of the last valid read cycle. 
4. Transition is measured +500 mV from steady-state voltage with load of Figure 1B. This parameter is sampled not 100% tested. At any 
given voltage and temperature, tk}4Qz Max is less than tx HQ x min for a given device. 


5. This is a synchronous device. All synchronous inputs must meet the specified setup and hold times with stable logic levels for ALL rising 
edges of clock (K) while the device is selected. 








AC TEST LOADS 


+5V +5V 
330 330 
Q Q 
330 85 pF 330 = 5 pF 
(INCLUDING (INCLUDING 
SCOPE AND JIG) SCOPE AND JIG) 
Figure 1A Figure 1B 
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READ CYCLE 1 (See Note 1) 
tKHKH 


7 pio Pi 


E (CHIP enaate) / 7 


tAVKH 


pula ae tKHAX 
sumress; Km) oe EY XXXK Soh aoa 
tWHKH rt — TKHWX ‘WHKH [<> tKHWX 


a Oo EE PES ie ARNNN 


'KHOV tKHOV 
tKHOZ tKHOX >t 


READ CYCLE 2 (See Note 1) 


'KHKH 


cm oa aS en 
perenne Gain cacnen 06 YYXXK MH HOMO KKH X 


rmmanno | \X77F TRAE a 


tKHOV tKHOV 'KHOV 


NOTE: 
1. The outputs Qp — 3 and Qp _ 2 are derived from two previous read cycles where W = Vj} and E= Vj, for those cycles. 
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WRITE CYCLE (Ww Controlled, See Note 1) 

Max Ginee an eet ae nes ae ual 
a ee eee 
[Clock High toQHighZ(W=Vi) | txnoz | — | to | — | 1 | - | 1 | - | 13 | ns | 3 | 


Setup Times for: 


















Hold Times for: 


0 2l> mio S> m 


NOTES: 
1. A write is performed when W and E are both low for the specified setup and hold times. 
2. All write cycle timing is referenced from K. 
3. Transition is measured +500 mV from steady-state voltage with load of Figure 1B. This parameter is sampled not 100% tested. At any 
given voltage and temperature, tk}HQz Max is less than tkHQ x min for a given device. 
4. This is a synchronous device. All synchronous inputs must meet the specified setup and hold times with stable logic levels for ALL rising 
edges of clock (K) while the device is selected. 


WRITE CYCLE 







_ Sar rs a 
me SEK Ce TANNNNED QI ON00N0 GD 
See Pee 
BN Ce XXX an 


Q (DATA OUT) HIGH Z 





ORDERING INFORMATION 
(Order by Full Part Number) 


MCM 62963 X XX 


Motorola Memory a (a (18= 18 ns, 20=20 ns, 25=25 ns, 30=30 ns) 


Part Number Package (FN = PLCC) 





Full Part Numbers— MCM62963FN18 MCM62963FN20 MCM62963FN25 MCM62963FN30 
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MCM62964 


Product Preview 
4K x 10 Bit Synchronous Static RAM 


with Output Registers and Output Enable 


The MCM62964 is a 40,960 bit synchronous static random access memory organized as 
4096 words of 10 bits, fabricated using Motorola’s second-generation high-performance FN PACKAGE 
silicon-gate CMOS (HCMOS III) technology. The device integrates input registers, high 44-LEAD PLCC 
speed SRAM, and high-drive capability output registers onto a single monolithic circuit for CASE 777 
reduced parts count implementation of cache data RAM, writeable control store applica- 
tions, and other applications that utilize long words. 

Synchronous design allows precise cycle control with the use of an external clock (K), 









while CMOS circuitry reduces the overall power consumption of the integrated functions PIN ASSIGNMENT 
for greater reliability. 

The address (AO-A11), data (D0-D9), and write (W) inputs are all clock ere eee Szseaqsg 
(K) controlled, positive-edge-triggered, noninverting registers. = — a 





The MCM62964 provides output register operation. At the rising edge of 
clock (K), the RAM data from the previous clock (K) high cycle is 
presented. NCU 

The output enable (G) provides asynchronous bus control for common ncfl 9 
1/0 or bank switch applications. 

Write operations are internally self-timed and initiated by the rising edge 
of the clock (K) input. This feature eliminates complex off-chip write pulse d3 





generation and provides increased flexibility for incoming signals. b2U 

@ Single 5 V +10% Power Supply . Diff 

@ Fast Cycle Times: 20/25/30 ns Max oof 

@ Fast Clock (K) Access Times: 10/10/13 ns Max 

@ Address, Data Input, and W Registers On-Chip ATT 

@ Output Enable for Asynchronous Bus Control A8 

@ Output Registers for Fully Pipelined Applications Ag] 

@ High Output Drive Capability 20 21 22 23 24 
@ Internally Self-Timed Write Pulse Generation a 
@ Separate Data Input and Data Output Pins 


BLOCK DIAGRAM 









Address Inputs 

Vec Write Enable 
Output Enable 

Vss__ Yssa Data Inputs 
Data Outputs 

Clock Input 

+5 V Power Supply 


ADDRESS 
aM REGISTERS a 
=. DECODERS Hi 
DATA 

00-09 REGISTERS j : 

WRITE ie 

ENABLE cs 

REGISTER DECODERS 

WA 





4K x 10 
MEMORY MATRIX 
128 ROWS x 
320 COLUMNS 





= 


Output Buffer Ground 
No Connection 





ITE PULSE 





GENERATOR For proper operation of the device Vss 
K CLOCK Pr neat tn el and both Vssq leads must be con- 
INPUT 3 a9 nected to ground. 
_ OUTPUT 
G it ROW A5, A4, A3, A2, Al, AO, AG 
COL A7, A11,A10, A9, A8 
MSB LSB 


This document contains information on a product under development. Motorola reserves the right to change or discontinue this product without notice. 
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TRUTH TABLE 
porte High ZO 


NOTE: The value W is a valid input for the setup and hold times relative to the K rising 











This device contains circuitry to protect the 
inputs against damage due to high static 
voltages or electric fields; however, it is ad- 
vised that normal precautions be taken to 
avoid application of any voltage higher than 
maximum rated voltages to this high- 


edge. - impedance circuit. 


This is a synchronous device. All synchron- 
ous inputs must meet the specified setup 
and hold times with stable logic levels for 
ALL rising edges of clock (K) while the de- 
vice is selected. 


ABSOLUTE MAXIMUM RATINGS (Voltages referenced to Vgg = Vssq=0 V) 


| Rating =| Symbol | Value 
Power Supply Voltage 0.5 to +7.0 









This device contains circuitry that will en- 
sure the output devices are in High Z at 
power up. Care should be taken by the user 
to ensure that all clocks are at Vi,_ or Vip 
during power up to prevent spurious read 
cycles from occurring. 


Voltage Relative to Vgg/Vssq for Any Vine Vout | 0.5 to Voc +0.5 | V 
Pin Except Vcc 


Output Current (per 1/0) | I leas +20 
Power Dissipation (Ta = 25°C) | Pp 


Temperature Under Bias Thias —10 to +85 


Operating Temperature | Ta 0to +70 
stg 


= 55 to + 125 


NOTE: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are 
exceeded. Functional operation should be restricted to RECOMMENDED 
OPERATING CONDITIONS. Exposure to higher than recommended voltages for 
extended periods of time could affect device reliability. 





This CMOS memory circuit has been de- 
signed to meet the dc and ac specifications 
shown in the tables, after thermal equilib- 
rium has been established. The circuit is in 
a test socket or mounted on a printed circuit 
board and transverse air flow of at least 500 
linear feet per minute is maintained. 





DC OPERATING CONDITIONS AND CHARACTERISTICS 
(Vcc =5.0 V + 10%, Ta=0 to 70°C, Unless Otherwise Noted) 


RECOMMENDED OPERATING CONDITIONS (Voltages referenced to Vgg = Vsgq=0 V) 


a 
[Suppiy Votage (Operating Volape Range) ———SSS*~sSC «SY as | 
[win 












Input Low Voltage | 


*Vi_ (min) = —3.0 V ac (pulse width <20 ns) 





DC CHARACTERISTICS 


po Parameter Symbol 
Input Leakage Current (All Inputs, Vj, =0 to Vcc) rn +1.0 
Output Leakage Current (G=Vin, Vout=0 to Vcc, Outputs must be high-Z) | | Ingo) | — | 41.0 | aA | 
MCM62964-25: tkHKH =25 ns 


ICCA 
170 
170 
MCM62964-30: tkHKH =30 ns 180 


[output Low Votageign=7ma)SOS—~—SSC“~S*édSCSCiY Sd 
[Output High Voltage loy=—1@mA)———SSCS~C~—SCS~—~*SCS~S*S*SSVs PP Cd 


CAPACITANCE (f= 1.0 MHz, dV=3.0 V, Ta =25°C, Periodically Sampled Rather Than 100% Tested) 


Pp Characteristic | Symbol | typ | Max | Unie | 






















AC Supply Current (G=Vj,, All Inputs=Vj,_ or Vix, lout =O mA, Cycle 
Time =tkKHKH min) MCM62964-20: tkHKH =20 ns 









Input Capacitanes in 
eae ee ee 


| Cout 


Output Capacitance 
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AC OPERATING CONDITIONS AND CHARACTERISTICS 
(Vcc =5.0 V + 10%, Ta=0 to +70°C, Unless Otherwise Noted) 


Input Timing Measurement Reference Level .......... 1.5V Output Timing Measurement Reference Level ......... 15V 
Input Pulse Levels .......... 2.00. ce ee ee eee 0 to 3.0 V Output Load.......... See Figure 1A Unless Otherwise Noted 
Input Rise/Fall Time... 1.0... ee et es 5 ns 


READ/WRITE CYCLE 


Parameter 


G Low to Output Valid 


Glow to Ouputvaid tv 
Output Active from Clock High | tKHOX | 
Output Active from Glow 8G LOX 


Output Active from G Low 


Clock Low Pulse Width tKLKH 
Clock High Pulse Width tKHKL 


Setup Times for: 


Hold Times for: 


Ww 
[Clock High to Output High zZ(W=viu) | txHoz | 0 | 0 | o | 1 | o | 13 | ne | 36 | 
[GHigh to OutputHighz | taoz | 9 | wo | o | w | o | 3 | ns [3,67 


NOTES: 

. A read is defined by W high for the specified setup and hold times. 

. Awrite is defined by W low for the specified setup and hold times. 

. All read and write cycle timing is referenced from K or from G. 

. Valid data from K high will be the data stored at the address of the last valid read cycle. 

. This is a synchronous device. All synchronous inputs must meet the specified setup and hold times with stable logic levels for ALL rising 
edges of clock (K) while the device is selected. 

. Transition is measured +500 mV from steady-state voltage with load of Figure 1B. This parameter is sempled and not 100% tested. At any 
given voltage and temperature, tk}1#Q7 max is less than tk HOX min and tgHQz max is less than tg_Qx min for a given device. 

7. G becomes a don’t care signal for successive writes after the first write cycle. 





ar Wh — 





AC TEST LOADS 
+5V +5 
330 330 
a Qa 
330 85 pF 330 5 pF 
(INCLUDING (INCLUDING 
SCOPE AND JIG) SCOPE AND JIG) 
Figure 1A Figure 1B 
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READ CYCLE 
tKHKH | 
tKLKH 
K (CLOCK) 
& (OUTPUT ENABLE) aoa 

( oms XXX XK & 3 (\ | ravavar, 

A (ADDRESS) KK) Ly WED xX) Rt OK 
tWVKH {KHWX mere ras ee po ered tKHWX 


rwmoms 7F | SX\W7 | By ANNA 


tKHOV téLav ™ 
tgHoz tGLOx 
amano tse ste KKK nt Kh 





WRITE CYCLE 
(SEPARATE 1/0 MODE) (COMMON 1/0 MODE) 
jt tKHKH tKHKH 
K (CLOCK) 

G (QUTPUT ENABLE) , 7 \\\ 
eae tAVKH pia aa tknax  ‘AVKH pea ble tKHAX 
nemo KX OOK a) XXX = S_OK 12 RAK 
{KHWX 'KHWX 
W (WRITE ENABLE) aR I an peel | 


tDVKH 


‘OVKH y 
DVKH t t t 
ie KHDX DVKH KHDX 


pom m XR AK s. KY) ee XY Cn) XX 


tKHOV tKHOZ tGHOZ 


ORDERING INFORMATION 
(Order by Full Part Number) 


'KHDX 


MCM 62964 X XX 
Motorola Memory Prefix re 9 Speed (20=20 ns, 25=25 ns, 30=30 ns) 
Part Number Package (FN = PLCC) | 
Full Part Numbers—MCM62964FN20 MCM62964FN25  MCM62964FN30 
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Product Preview 


4K x 10 Bit Synchronous Static RAM 


with Transparent Outputs and Output Enable 


The MCM62965 is a 40,960 bit synchronous static random access memory organized as 
4096 words of 10 bits, fabricated using Motorola’s second-generation high-performance FN PACKAGE 
silicon-gate CMOS (HCMOS Ill) technology. The device integrates input registers, high Mi eace PLCC 
speed SRAM, and high-drive capability output latching onto a single monolithic circuit for socal 
reduced parts count implementation of cache data RAM, writeable control store applica- 
tions, and other applications that utilize long words. 

Synchronous design allows precise cycle control with the use of an external clock (K), 
while CMOS circuitry reduces the overall power consumption of the integrated functions 
for greater reliability. 

The address (AO-A11), data (DO-D9), and write (W) inputs are all clock ar 
(K) controlled, positive-edge-triggered, noninverting registers. a 

The MCM62965 provides transparent output operation when clock (K) is 
low for access of RAM data within the same cycle (output data is latched 
when clock (K) is high). | 

The output enable (G) provides asynchronous bus control for common NCS 38 09 
1/O or bank switch applications. nc{} 9 37 {} 08 

Write operations are internally self-timed and initiated by the rising edge p4fi 36 1107 
of the clock (K) input. This feature eliminates complex off-chip write pulse 
generation and provides increased flexibility for incoming signals. 





PIN ASSIGNMENT 


ao wo r+ ON = 
ao <« < « < « 
3.2 






















® Single 5 V +10% Power Supply 
@ Fast Cycle Times: 25/30/35 ns Max DIL 33 1/05 
@® Fast Clock (K) Access Times: 10/13/15 ns Max po { 32 [NC 
® Address, Data Input, and W Registers On-Chip a7t 31 HNC 
® Transparent Output Latch for Access Within the Same Cycle ast ao thos 
@ Output Enable for Asynchronous Bus Control 
@ High Output Drive Capability AS 29 103 
@ Internally Self-Timed Write Pulse Generation 18 18 2223 24 25_26_27 28 
@ Separate Data Input and Data Output Pins 2 = Ko je x 2 7 esQg a 
BLOCK DIAGRAM 7 
er ADDRESS 
= ]__ Row aay ai | va aeinodllete 
DECODERS 128 ROWS x Vsg Write Enable 
' 320 COLUMNS Output Enable 
DO0-D9 Data Inputs 


Data Outputs 


E 





Clock Input 
+5 V Power Supply 






REGISTERS =o 

WRITE > COLUMN 1/0 

ENABLE ae COLUMN Hi OUTPUT 
REGISTER LATCHES 





W 
DECODERS Output Buffer Ground 
WRITE PULSE No Connection | 
{ GENERATOR 
eae yeeneaaest : 3 
K >) INPUT " : PS ag For proper operation of the device Vss 
og and both Vssq leads must be con- 
| OUTPUT nected to ground. 

6 sa ROW AS, A4, A3, A2, Al, AO, AB 
COL A7, A11,A10, A9, A8 
MSB LSB 


This document contains information on a product under development. Motorola reserves the right to change or discontinue this product without notice. 
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TRUTH TABLE 





NOTE: The value W is a valid input for the setup and hold times relative to the K rising 
edge. 


ABSOLUTE MAXIMUM RATINGS (Voltages referenced to Vgs = Vggq =0 V) 


This device contains circuitry to protect the 
inputs against damage due to high static 
voltages or electric fields; however, it is ad- 
vised that normal precautions be taken to 
avoid application of any voltage higher than 
maximum rated voltages to this high- 
impedance circuit. 


This is a synchronous device. All synchron- 
ous inputs must meet the specified setup 


and hold times with stable logic levels for 
ALL rising edges of clock (K) while the de- 
vice is selected. 


Value 
—0.5 to +7.0 V 
—0.5 to Voc + 0.5 


Rating 


H- 
Bl 


Power Supply Voltage Vcc 










This device contains circuitry that will en- 
sure the output devices are in High Z at 
power up. Care should be taken by the user 
to ensure that all clocks are at Vij or Vi#j 
during power up to prevent spurious read 
cycles from occurring. 


Voltage Relative to Vgs/Vssq for Any 
Pin Except Vcc 


Output Current (per |/O) 


Vin, Vout 


ce 


Power Dissipation (Ta = 25°C) 





“70 to +85 
010 +70 
Storage Temperature —55 to +125 


NOTE: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are 
exceeded. Functional operation should be restricted to RECOMMENDED 
OPERATING CONDITIONS. Exposure to higher than recommended voltages for 
extended periods of time could affect device reliability. 


Temperature Under Bias 
This CMOS memory circuit has been de- 
signed to meet the dc and ac specifications 
shown in the tables, after thermal equilib- 
rium has been established. The circuit is in 
a test socket or mounted on a printed circuit 
board and transverse air flow of at least 500 
linear feet per minute is maintained. 


Operating Temperature 








DC OPERATING CONDITIONS AND CHARACTERISTICS 
(Vcc =5.0 V + 10%, Ta =0 to 70°C, Unless Otherwise Noted) 


RECOMMENDED OPERATING CONDITIONS (Voltages referenced to Vsg =Vssq =0 V) 





Input Low Voltage 
*ViL (min) = —3.0 V ac (pulse width <20 ns) 





DC CHARACTERISTICS 
















Time=tkKHKH min) MCM62965-25: tkHKH =25 ns 


[input Leskage Curent (All Inputs, Vin=Oto Veg) Sg 
Output Leakage Current (G=Viy, Voyt=0 to Vcc, Outputs must be high-Z) | | Iikaloy _| 
AC Supply Current (G=Vj,, All Inputs=Vji, or Vin, lout =O mA, Cycle ICCA 
MCM62965-30: tkHKH = 30 ns a 
MCM62965-35: tk HKH = 35 ns 150 
[Output Low Volpe (ign=27mA)SSC~—“—*~*~*~*s*s*s*SSsSC‘“‘s~‘“~*~S*é‘iCS SSC 
[Output High Voltege (lon=-1.8mA)——SCSC~*~“~“*~“‘—*~*~S*~*~*S*S*S*SVn nw] 






HTH 
Lolo 









CAPACITANCE (f=1.0 MHz, dV=3.0 V, Ta =25°C, Periodically Sampled Rather Than 100% Tested) 


—e 
Cc 4 


Input Capacitance 











| Max | Unit 
in 6 | pF 
| Cot | 5 | 7 | oF 





Output Capacitance i 
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AC OPERATING CONDITIONS AND CHARACTERISTICS 
(Vcc =5.0 V + 10%, Ta =0 to +70°C, Unless Otherwise Noted) 


Input Timing Measurement Reference Level .......... 15V Output Timing Measurement Reference Level ......... 1.5V 
Input Pulse Levels ............-2. 2000 ee eee 0 to 3.0 V Output Load.......... See Figure 1A Unless Otherwise Noted 
Input Rise/Fall Time... . 2... 0... eee ee ee ee 5 ns 


READ/WRITE CYCLE 






Read Cyoe Time —SOS~—~—~si a | ws Pl 
Write CycieTime——=Ss=~=~<“‘~*~*~*~*~*~dCS | 2m] | dt | dtl fl 
[clock High Access Time SSS tk | — 

[cock Low to Output Vaid ———=S~S~S~*~idC | |] | | | | ne fal 
[Stowe Ouputveid ———SSS~d tg | 15 [me | 3 | 
[Output Active from Cockiow sid tmx | Of - [0 | - | 0 | - [mw] 
[Output Active om @ Low ——~—S—~id tua | 0 | - [0 | - [0 | - [mw] 
[cock Low Pulse Width ———SS~C—~—~is KH | | sl | hs | | 
[clock High Pulse Wiath ————SS—S~S~Ss x P| ts | | 8 | pl | 


Setup Times for: 








Parameter 


























Hold Times for: 


[cock Low to OuputHignZ Wav | uaz | © | | o | | o | we | mw [57 
|G High to OutputHighZ | tc | 0 | to | oo | 3 | oo | 6 | ns [37,8 


NOTES: 
1. A read is defined by W high for the specified setup and hold times. 
2. A write is defined by W low for the specified setup and hold times. 
3. All read and write cycle timing is referenced from K or from G. 
4. Access time is controlled by tx gy if the clock high pulse width =(txkHQV—-tKLQv); otherwise it is controlled by tkHov- 
5 
6 






Slo >| Slo > 










. K must be low for the outputs to transition. 

. This is a synchronous device. All synchronous inputs must meet the specified setup and hold times with stable logic levels for ALL rising 
edges of clock (K) while the device is selected. 

. Transition is measured + 500 mV from steady-state voltage with load of Figure 1B. This parameter is sampled and not 100% tested. At any 
given voltage and temperature, tx }1Qz max is less than tx HQx min and tGHQz Max is less than tg. Qx min for a given device. 

8. G becomes a don’t care signal for successive writes after the first write cycle. 





~ 


AC TEST LOADS 


+5V +5V 
330 330 
Q a 
330 85 pF 330 5 pF 
(INCLUDING (INCLUDING 
SCOPE AND JIG) SCOPE AND JIG) 
Figure 1A Figure 1B 
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READ CYCLE 


tKHKH 
tKLKH 


K (CLOCK) 
tKHKL 
& (OUTPUT ENABLE) 
A (ADDRESS) es ae AAS 
tWHKH nie meee tKHWX nite ld tKHWX 


WAV // NVUANRNY/////77 


tGHOZ teLav 3 
tKLOV t6Lox 


"| PREVIOUS HIGH Z x x”) (wt) =< | XX? a 


tKHOV 


W (WRITE ENABLE) 






Q (DATA OUT) 


WRITE CYCLE 


tKHKH 


K (CLOCK) 





sve XXX =) ae = he a 
tWLKH Sean Bae +— tWLKH 
W (WRITE ENABLE) 77 777 


tDVKH tDVKH 


oom XXX) a KKK YX Wa OOOO 


tKLOZ 


Q (DATA OUT) Q,-4 


ORDERING INFORMATION 
(Order by Full Part Number) 


MCM 62965 X XX 
Motorola Memory ee ial | | | Senne ee Ce (25=25 ns, 30=30 ns, 35=35 ns) 
Part Number Package (FN = PLCC) 
Full Part Numbers—MCM62965FN25 #§MCM62965FN30 MCM62965FN35 
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a SEMICONDUCTOR 
TECHNICAL DATA 





Product Preview 


4K x 12 Bit Synchronous Static RAM 
with Output Registers 


The MCM62973 is a 49,152 bit synchronous static random access memory organized as 
4096 words of 12 bits, fabricated using Motorola’s second-generation high-performance FN PACKAGE 
silicon-gate CMOS (HCMOS Iil) technology. The device integrates input registers, high 44-LEAD PLCC 
speed SRAM, and high-drive capability output registers onto a single monolithic circuit for CASE 777 
reduced parts count implementation of cache data RAM, writeable contro! store applica- 
tions, and other applications that utilize long words. 

Synchronous design allows precise cycle control with the use of an external clock (K), 
while CMOS circuitry reduces the overall power consumption of the integrated functions 
for greater reliability. 

The address (AO-A11), data (D0-D11), write (W), and chip enable (E) 
inputs are all clock (K) controlled, positive-edge-triggered, noninverting 





PIN ASSIGNMENT 









. o om ea © w 3 +H N 
registers. Qaaoaoooatdcse<atateacd 

The chip enable (E) input is a synchronous input clock that places the ae ge 
device in a low power mode when high at the rising edge of the clock (K). 07017 e 









The MCM62973 provides output register operation. At the rising edge of 


clock (K), the RAM data from the previous clock (K) high cycle is aa! 
presented. D5 | 
Write operations are internally self-timed and initiated by the rising edge o4 
of the clock (K) input. This feature eliminates complex off-chip write pulse o3f 
generation and provides increased flexibility for incoming signals. 02 
Single 5 V + 10% Power Supply 
Fast Cycle Times: 18/20/25/30 ns Max Dit 
Fast Clock (K) Access Times: 10/10/10/13 ns Max DOL 


Address, Data Input, E, and W Registers On-Chip avo 
Output Registers for Fully Pipelined Applications 
High Output Drive Capability 

internally Self-Timed Write Pulse Generation ASU 
Separate Data Input and Data Output Pins 


BLOCK DIAGRAM 















ADDRESS 
REGISTERS | 







Vec 







4AKx120 0 fo AOA eee Address Inputs 
ROW MEMORY MATRIX VSS WR ee Write Enable 
DECODERS 128 ROWS x | ne mee Chip Enable 


384 COLUMNS 





p0-D11 DO=DIS 5 a: hie host esis Data Inputs 
DATA OQO=OV gk ecg as Data Outputs 

REGISTERS Kasco eRe ese Clock Input 

boll] 6 deca ae +5 V Power Supply 













CONTROL 
REGISTERS | 


[el DECODERS A 
WRITE PULSE 


GENERATOR Ca 


ROW A5, A4, A3, A2, A1, AO, A6 
COL A7, A11,A10, A9, A8 
MSB LSB 


For proper operation of the device Vss 
and both Vsgsq leads must be 
connected to ground. 





This document contains information on a product under development. Motorola reserves the right to change or discontinue this product without notice. 
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MCM62973 


TRUTH TABLE 





NOTE: The values of E and W are valid inputs for the setup and hold times relative to 
the K rising edge. 


ABSOLUTE MAXIMUM RATINGS (Voltages referenced to Vgs = Vgsq=0 V) 


| Rating | Symbot | Value _| Unit 
Power Supply Voltage —0.5 to +7.0 


Voltage Relative to Vss/Vssq for Any Vins Vout |.—9.5 to Vec + 0.5 
Pin Except Vcc 


~— 
JOurput Current (per VO) | tout | #20 | mA 
[Power Dissipation (Ta=25°C) | Pp | |W 
[Tomperature Under Bias | Thins | 1010 +85 | °C 
[Operating Temperature | TA | Oto +70 | 8 
[Storage Temperature | Tatg | 8500 +125 | °C 


NOTE: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are 
exceeded. Functional operation should be restricted to RECOMMENDED 
OPERATING CONDITIONS. Exposure to higher than recommended voltages for 
extended periods of time could affect device reliability. 














This device contains circuitry to protect the 
inputs against damage due to high static 
voltages or electric fields; however, it is ad- 
vised that normal precautions be taken to 
avoid application of any voltage higher than 
maximum rated voltages to this high- 
impedance circuit. 


This is a synchronous device. All synchron- 
ous inputs must meet the specified setup 
and hold times with stable logic levels for 
ALL rising edges of the clock (K) while the 
device is selected. 


This device contains circuitry that will en- 
sure the output devices are in High Z at 
power up. Care should be taken by the user 
to ensure that all clocks are at Vi,_ or Vij 
during power up to prevent spurious read 
cycles from occurring. 


This CMOS memory circuit has been de- 
signed to meet the dc and ac specifications 
shown in the tables, after thermal equilib- 
rium has been established. The circuit is in 
a test socket or mounted on a printed circuit 
board and transverse air flow of at least 500 
linear feet per minute is maintained. 


DC OPERATING CONDITIONS AND CHARACTERISTICS 
(Vcc =5.0 V + 10%, Ta =0 to 70°C, Unless Otherwise Noted) 


RECOMMENDED OPERATING CONDITIONS (Voltages referenced to Vss = Vggq =0 V) 





*ViL (min) = —3.0 V ac (pulse width <20 ns) 


DC CHARACTERISTICS 
Parameter 






Output Leakage Current (E=ViH, Vout=0 to Vcc, Outputs must be in High Z) 


AC Supply Current (E= Vj, All Inputs=Vj_ or Vin, loyt=0 mA, Cycle 
Time =tkHKH min) MCM62973-18: txkHKH= 18 ns 
MCM62973-20: txHKH = 20 ns 
MCM62973-25: tKHKH = 25 ns 
MCM62973-30: tkHKH = 30 ns 


Standby Current (E=Viy1, Vip 23.0 V, Vi s0.4 V, lout =0 mA, Cycle 
Time = = tKHKH min) 




















Input Leakage Current (All Inputs, Vij, =0 to Vcc) 


Output Low Voltage (Io, = 12.7 mA) 
Output High Voltage (IoH = — 1.8 mA) | Von | 28 | - 












| Vo. | - | 04 |v 


Vv 





CAPACITANCE (f= 1.0 MHz, dV=3.0 V, Ta =25°C, Periodically Sampled Rather Than 100% Tested) 





Input Capacitance 
Output Capacitance 
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| Characteristic | Symbol | tye 
| in | 4 
| Cot [sf 7 TF 











MCM62973 


AC OPERATING CONDITIONS AND CHARACTERISTICS 
(Vcc =5.0 V + 10%, Ta=0 to +70°C, Unless Otherwise Noted) 


Input Timing Measurement Reference Level .......... 15V Output Timing Measurement Reference Level ......... 15V 
Input Pulse Levels ............0 0022 ee eee 0 to 3.0 V Output Load.......... See Figure 1A Unless Otherwise Noted 
Input Rise/Fall Time ...........0 2.000 cee ew ees 5 ns 


READ CYCLE (See Note 1) 


| __rammater | Sam | MEME 


Reed Gyo Tne dt ties | 1 fA Pe ee 

[Clock Access Time | tv | — | 10 | -~ | to | — | to | - | 3 | ns | 3 | 
unt Aste ron Cok gh [wx [2 | - Ts ]-1s]-[s]-tel 
[Clock High toQHighZ(E=Vin) | kHz | — | 10 | — | to | - | 10 | — | 13 | ns | 4 | 
Clock Low Pule Wieth___f wun | 6 {| — { s { - | os {=} s}-fuf 


8 | = | 8 | 8 | 8 RK le | 
NOTES: | 


. A read is defined by W high and E low for the setup and hold times. 

. All read cycle timing is referenced from K. 

. Valid data from K high will be the data stored at the address of the last valid read cycle. 

. Transition is measured +500 mV from steady-state voltage with load of Figure 1B. This parameter is sampled not 100% tested. At any 
given voltage and temperature, tx}HQz Max is less than tkHQx min for a given device. 

. This is a synchronous device. All synchronous inputs must meet the specified setup and hold times with stable logic levels for ALL rising 
edges of clock (K) while the device is selected. 


















Hold Times for: 






-2oaN = 





AC TEST LOADS 


+5V +5V 
330 330 
a Q 
330 85 pF 330 5 pF 
(INCLUDING (INCLUDING 
SCOPE AND JIG) SCOPE AND JIG) 
Figure 1A Figure 1B 
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MCM62973 


READ CYCLE 1 (See Note 1) 















i eeu ee 

, = tKHAX = tAVKH — ae . a tKHAX ri 

eae SE CON 
asl pee=aa —— a 

tomo 4S\V77P 1 XXANZZ7P TAA 

— Bie ae at 


A (ADDRESS) An — 4 a VY i x YY 
mes ive XXX hoe ROOK e, KKK 
cr amd in \\W/// ae Lc 


*kHOV : tKHOV tKHOV 






Q (DATA OUT) Q,-3 


NOTE: 
1. The outputs Q, — 3 and Q, _ 2 are derived from two previous read cycles where W = Vi} and E= Vj, for those cycles. 
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WRITE CYCLE (W Controlled, See Note 1) 


Setup Times for: 


Hold Times for: 





NOTES: 
1. A write is performed when W and E are both low for the specified setup and hold times. 
2. All write cycle timing is referenced from K. 
3. Transition is measured +500 mV from steady-state voltage with load of Figure 1B. This parameter is sampled not 100% tested. At any 
given voltage and temperature, tk}Qz max is less than tk HQx min for a given device. 
4. This is a synchronous device. All synchronous inputs must meet the specified setup and hold times with stable logic levels for ALL rising 
edges of clock (K) while the device is selected. 


WRITE CYCLE 








corms | W777 | ZZ 
te pact a fo Ac, pnt —K Pear yer 
vom SEQ = — XEKKXRREK = KXKXEKKEK 
romeo S\\ | KZ77A\Y | 777 
tDVKH pate tae Fw Me poe ag <—> tOVKH 
soma OK LK MXR 


Q (DATA OUT) HIGH Z 





ORDERING INFORMATION 
(Order by Full Part Number) 


MCM 62973 X XX 
Motorola Memory ees i Speed (18= 18 ns, 20=20 ns, 25=25 ns, 30 =30 ns) 
Part Number Package (FN = PLCC) 


Full Part Numbers—MCM62973FN18 MCM62973FN20 MCM62973FN25 MCM62973FN30 





MOTOROLA MEMORY DATA 


9-137 


MOTOROLA 
2 SEMICONDUQ ——e 
TECHNICAL DATA | 


MCM62974 


Product Preview | 
4K x 12 Bit Synchronous Static RAM 


with Output Registers and Output Enable 


The MCM62974 is a 49,152 bit synchronous static random access memory organized as 
4096 words of 12 bits, fabricated using Motorola’s second-generation high-performance FN PACKAGE 
silicon-gate CMOS (HCMOS III) technology. The device integrates input registers, high 44-LEAD PLCC 
speed SRAM, and high-drive capability output registers onto a single monolithic circuit for CASE 777 
reduced parts count implementation of cache data RAM, writeable control store applica- 
tions, and other applications that utilize long words. 

Synchronous design allows precise cycle control with the use of an external clock (K), 


while CMOS circuitry reduces the overall power consumption of the integrated functions 
for greater reliability. PIN ASSIGNMENT 








The address (AO-A11), data (D0-D11), and write (W) inputs are all clock BSS eae: Ss eras & 
(K) controlled, positive-edge-triggered, noninverting registers. 
The MCM62974 provides output register operation. At the rising edge of 6 543 2 1 
clock (K), the RAM data from the previous clock (K) high cycle is o70 39 [1] A0 
presented. _ oefl 8 38 [011 
The output enable (G) provides asynchronous bus control for common 
1/O or bank switch applications. o5U 9 37 1.010 
Write operations are internally self-timed and initiated by the rising edge D4 36 [|] 09 
of the clock (K) input. This feature eliminates complex off-chip write pulse D3. 35 {] Vsso 


generation and provides increased flexibility for incoming signals. pat 34 {108 


@ Single 5 V +10% Power Supply oie 33 faz 
@ Fast Cycle Times: 18/20/25/30 ns Max . 
@ Fast Clock (K) Access Times: 10/10/10/13 ns Max boy 32 06 
@ Address, Data Input, and W Registers On-Chip a7E. 31 []05 
@ Output Enable for Asynchronous Bus Control ast 104 
@ Output Registers for Fully Pipelined Applications 
@ High Output Drive Capability AST 29 103 
@ Internally Self-Timed Write Pulse Generation aoe as ae ee ee 
@ Separate Data Input and Data Output Pins = = eo eo e2sgasa 2 

-_ 





BLOCK DIAGRAM 









ADDRE 
AO-A11 | bpralonl aKxi2 es cee Address Inputs 
ROW MEMORY MATRIX;  }}  ©— [Mee te eee Write Enable 
DECODERS 128 ROWS x Vss LY es ce Output Enable 
DATA gssacolumns | eo | © [| DO-DIT .......... Data Inputs 
DO-D11 ——|_ oeniercne bee LC eee ee Ati (twttét«iECMDQ}ETT www ew eee Data Outputs 
REGISTERS 
OG: ASK ip acavanarat eG ae ees Clock Input 






see hase: +5 V Power Supply 





= 


=| 


WRITE > COLUMN 1/0 
ENABLE eS COLUMN H OUTPUT 
REGISTER | DECODERS | 
] WRITE PULSE ea 
GENERATOR 


cof Peed ee 
INPUT 


Ls 


For proper operation of the device Vss 
and both Vssq leads must be con- 





a1 nected to ground. 
: OUTPUT 
G Sor ROW AS, A4, A3, A2, Al, AO, AG 
COL A7, A11,A10, A9, AB 
MSB LSB 


This document contains information on a product under development. Motorola reserves the right to change or discontinue this product without notice. 
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MCM62974 


TRUTH TABLE 


[W| Operation | aos | Curem | 
ec TT” 


NOTE: The value W is a valid input for the setup and hold times relative to the K rising 
edge. 











ABSOLUTE MAXIMUM RATINGS (Voltages referenced to Vgs = Vgsq=0 V) 


Rating 
-0.5 to +7.0 
TA 







Power Supply Voltage 


Voltage Relative to Vgs/Vssq for Any 
Pin Except Vcc 










Vin- Vout peoneveerea (3 : 

meer aE 
[ssw 
| Ta | oto+70 | °c | 


NOTE: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are 
exceeded. Functional operation should be restricted to RECOMMENDED 
OPERATING CONDITIONS. Exposure to higher than recommended voltages for 
extended periods of time could affect device reliability. 


Output Current (per |/O) 
Power Dissipation (Ta = 25°C) 
Temperature Under Bias 
Operating Temperature 


Storage Temperature 





This device contains circuitry to protect the 
inputs against damage due to high static 
voltages or electric fields; however, it is ad- 
vised that normal precautions be taken to 
avoid application of any voltage higher than 
maximum rated voltages to this high- 
impedance circuit. 


This is a synchronous device. All synchron- 
ous inputs must meet the specified setup 
and hold times with stable logic levels for 
ALL rising edges of clock (K) while the de- 
vice is selected. 


This device contains circuitry that will en- 
sure the output devices are in High Z at 
power up. Care should be taken by the user 
to ensure that all clocks are at Vi, or Vip 
during power up to prevent spurious read 
cycles from occurring. 


This CMOS memory circuit has been de- 
signed to meet the dc and ac specifications 
shown in the tables, after thermal equilib- 
rium has been established. The circuit is in 
a test socket or mounted on a printed circuit 
board and transverse air flow of at least 500 
linear feet per minute is maintained. 


DC OPERATING CONDITIONS AND CHARACTERISTICS 
(Vcc =5.0 V + 10%, Ta=0 to 70°C, Unless Otherwise Noted) 


RECOMMENDED OPERATING CONDITIONS (Voltages referenced to Vgs = Vssq=0 V) 


Supply Voltage (Operating Voltage Range) Vv 
Vv 


Input High Voltage 
Input Low Voltage 


¥ViL (min) = —3.0 V ac (pulse width <20 ns) 





DC CHARACTERISTICS 


Input Leakage Current (All Inputs, Vin =0 to Vcc) 
Output Leakage Current (G= Viv, Vout =0 to Vcc, Outputs must be high-Z) 


AC Supply Current (G=Vj,, All Inputs=Vi_ or Vin, lout =O mA, Cycle 

Time 2=tKHKH min) MCM62974-18: tkHKH = 18 ns 
MCM62974-20: tKHKH = 20 ns 
MCM62974-25: tKHKH = 25 ns 
MCM62974-30: tk HKH = 30 ns 


Characteristic 
Input Capacitance Ps tes I 
Output Capacitance 
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MCM62974 


AC OPERATING CONDITIONS AND CHARACTERISTICS 
(Vcc =5.0 V +10%, TA=0 to +70°C, Unless Otherwise Noted) 


input Timing Measurement Reference Level .......... 1.5V Output Timing Measurement Reference Level ......... 1.5 V 
Input Pulse Levels ......... 0.002 e een ereee 0 to 3.0 V Output Load.......... See Figure 1A Unless Otherwise Noted 
Input Rise/Fall Time .......... 2.00 ee ee tw eee 5 ns 

READ/WRITE CYCLE 


Parameter 


Setup Times for: 


Hold Times for: 


Clock High to Output High Z (W=Vj,) 
G High to Output High Z | tgHaz | 


NOTES: 

. A read is defined by W high for the specified setup and hold times. 

. A write is defined by W low for the specified setup and hold times. 

. All read and write cycle timing is referenced from K or from G. 

. Valid data from K high will be the data stored at the address of the last valid read cycle. 

. This is a synchronous device. All synchronous inputs must meet the specified setup and hold times with stable logic levels for ALL rising 
edges of clock (K) while the device is selected. 

6. Transition is measured +500 mV from steady-state voltage with load of Figure 1B. This parameter is sampled and not 100% tested. At any 

given voitage and temperature, tx}Q7 Max is less than tkpHQx min and tgHQz max is less than tgLQx min for a given device. 
7. G becomes a don’t care signal for successive writes after the first write cycle. 





ah Q@QnN — 





AC TEST LOADS 
+5V | +5V 
330 330 
Qa Q 
330 85 pF 330 5 pF 
(INCLUDING (INCLUDING 
SCOPE AND JIG) SCOPE AND JIG) 
Figure 1A Figure 1B 
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MCM62974 


READ CYCLE 
'KHKH 
'KLKH 
K (CLOCK) —— 
G (OUTPUT ENABLE) nt 
m a ere and 
wmss KX XXX * XXXXXKKOK § XXXXXK 


t 
nai inaiat dads 


tomes 71 W\V7H | WAX TWA 


{KHOV teLov *KHOV 
'GHOZ tGLOX 
samen a Xe AK 


WRITE CYCLE 


(SEPARATE 1/0 MODE) (COMMON 1/0 MODE) 


‘KHKH 'KHKH 


K (CLOCK) 


G (OUTPUT ENABLE) 


: AVKH 
tKHAX | ptetknax “AVKH Pasi aed ae 
aman X= KKK Hs KKK LOOK KOK KKK 
H 


| aa tWVKH {KHWX | ale {WKH nee 
W (WRITE ENABLE) \ AS | A777 \\\ TI 7 4// 
wan Ke KOE = EE HERE 


tKHOV tKHOZ 


'GHOZ 


ORDERING INFORMATION 
(Order by Full Part Number) 


MCM 62974 X XX 


Motorola Memory en Miss Speed (18= 18 ns, 20=20 ns, 25=25 ns, 30=30 ns) 
Part Number . 


Package (FN = PLCC) 


Full Part Numbers—MCM62974FN18 §=MCM62974FN20 MCM62974FN25 MCM62974FN30 
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MCM62975 | 


Product Preview 
4K x 12 Bit Synchronous Static RAM 


with Transparent Outputs and Output Enable 


The MCM62975 is a 49,152 bit synchronous static random access memory organized as 
4096 words of 12 bits, fabricated using Motorola’s second-generation high-performance FN PACKAGE 
silicon-gate CMOS (HCMOS III) technology. The device integrates input registers, high 44-LEAD PLCC 
speed SRAM, and high-drive capability output latching onto a single monolithic circuit for CASE 777 
reduced parts count implementation of cache data RAM, writeable control store applica- 
tions, and other applications that utilize long words. 

Synchronous design allows precise cycle control with the use of an external clock (K), 
while CMOS circuitry reduces the overall power consumption of the integrated functions | 
for greater reliability. 

The address (AO-A11), data (DO-D11), and write (W) inputs are all clock PIN ResON MeN! 
(K) controlled, positive-edge-triggered, noninverting registers. = be) 












OQ 
: : : S8egaeqga 22372292 2 
The MCM62975 provides transparent output operation when clock (K) is _——-—e-_e—ee = 
low for access of RAM data within the same cycle (output data is latched 6 5 43 2 1 
when clock (K) is high). o7{ e 39 [] AO 
The output enable (G) provides asynchronous bus control for common pe fl 38 11.011 


1/0 or bank switch applications. 
Write operations are internally self-timed and initiated by the rising edge 



















of the clock (K) input. This feature eliminates complex off-chip write pulse D4y 36 1 a9 
generation and provides increased flexibility for incoming signals. D3 { 35 I Vsso 
@ Single 5 V +10% Power Supply p20 34 [J 08 
@ Fast Cycle Times: 25/30/35 ns Max pif 33 1107 
@ Fast Clock (K) Access Times: 10/13/15 ns Max | 4 Hos 
@ Address, Data Input, and W Registers On-Chip Dou 
@ Transparent Output Latch for Access Within the Same Cycle A7U 31 05 
@ Output Enable for Asynchronous Bus Control As fi 30 {] 04 
® High Output Drive Capability aot 99 1103 
@ Internally Self-Timed Write Pulse Generation 20 21 22 23 
@ Separate Data Input and Data Output Pins ee ee = 
SEP < Beess g 
BLOCK DIAGRAM 
ADDRESS 
ooo 1 Row Paci Voc Address Inputs 
: TRAX Write Enable 
ae A 128 ROWS x Vss ¥ssa Output Enable 
noni 384 COLUMNS x Data inputs 
REGISTERS : ~>— 00 Data Outputs 
— oo . Clock Input 
| WRITE | Le COLUMN 1/0 +5 V Power Supply | 
W ENABLE dl ~~ COLUMN H ourpur}® = ® 
REGISTER DECODERS tarcues | ° e Output Buffer Ground 
aoe FS 
GENERATOR For proper operation of the device Vss 
K oe and both Vssq leads must be con- 
INPUT ao ati nected to ground. 
, 
OUTPUT 
G ae ROW AS, A4, A3, A2, Al, AO, AG 
COL A7, A11,A10, A9, A8 
MSB LSB 


This document contains information on a product under development. Motorola reserves the right to change or discontinue this product without notice. 
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TRUTH TABLE This device contains circuitry to protect the 
inputs against damage due to high static 
voltages or electric fields; however, it is ad- 
ICCA vised that normal precautions be taken to 
; avoid application of any voltage higher than 
CCA maximum rated voltages to this high- 
NOTE: The value -W is a valid input for the setup and hold times relative to the K rising impedance circuit. 
edge. 





This is a synchronous device. All synchron- 
ABSOLUTE MAXIMUM RATINGS (Voltages referenced to Vsg = Vsso=0 V) ous mpute: ries Mest te: seeciied soup 


and hold times with stable logic levels for 
Value ALL rising edges of clock (K) while the de- 
Power Supply Voltage | Vcc -0.5 to +7.0 


vice is selected. 
Voltage Relative to Vgs/Vsgq for Any Vine Vout | —9.5 to Vcc + 0.5 
Pin Except Vcc 


Output Current (per 1/0) [ilies +20 
Power Dissipation (Ta = 25°C) | Pp | 
Temperature Under Bias —10 to +85 
Operating Temperature 0 to +70 °C 
Tetg | -85t0 +125 | °C 

L ae rium has been established. The circuit is in 


NOTE: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are a test socket or mounted ona printed circuit 
exceeded. Functional operation should be restricted to RECOMMENDED board and transverse air flow of at least 500 
OPERATING CONDITIONS. Exposure to higher than recommended voltages for linear feet per minute is maintained. 
extended periods of time could affect device reliability. 











This device contains circuitry that will en- 
sure the output devices are in High Z at 
power up. Care should be taken by the user 
to ensure that all clocks are at Vj, or Vip 
during power up to prevent spurious read 
cycles from occurring. 









°C : 
This CMOS memory circuit has been de- 
signed to meet the dc and ac specifications 
shown in the tables, after thermal equilib- 


DC OPERATING CONDITIONS AND CHARACTERISTICS 
(Vcc =5.0 V + 10%, Ta =0 to 70°C, Unless Otherwise Noted) 


RECOMMENDED OPERATING CONDITIONS (Voltages referenced to Vss =Vssq=0 V) 


Parameter i, Symbol 
Supply Voltage (Operating Voltage Range) 


Input High Voltage 





CC 
lH 
Input Low Voltage 


*ViL (min) = —3.0 V ac (pulse width <20 ns) 





DC CHARACTERISTICS 


ee 
Parameter | Symbot | Min 
[Input Leakage Current (All inputs, Vin=OtoVech kg) | 
| Output Leakage Current (G=Vin. Vout=0t0 Vcc, Outputs must be highZ) | Igtoy | = | OWA 
ee! 
28 


















AC Supply Current (G=Vj,, All Inputs=Vi_ or Viz, Iloyt=0 mA, Cycle 
Time =tKHKH min) MCM62975-25: tKHKH =25 ns 
MCM62975-30: txHKH = 30 ns 
MCM62975-35: tkHKH =35 ns | 


Output Low Voltage (lo, = 12.7 mA) | 
Output High Voltage (IoH = — 1.8 mA) | Von _| 





Input Capacitance | 
Output Capacitance | 








MOTOROLA MEMORY DATA 


9-143 


MCM62975 


AC OPERATING CONDITIONS AND CHARACTERISTICS 
(Vcc =5.0 V + 10%, Ta=0 to +70°C, Unless Otherwise Noted) 


Input Timing Measurement Reference Level .......... 1.5V Output Timing Measurement Reference Level ......... 1.5V 


Input Pulse Levels ........ 2.0. cee eee cece eee 0 to 3.0 V Output Load.......... See Figure 1A Uniess Otherwise Noted 
Input Rise/Fall Time .... 2... 2 ee ee ee ee te we 5 ns 


READ/WRITE CYCLE 


perme rt ae De me | | 
| Min | Max | Min | Max | Min | Max_ 


[Read Cycle Time tH | 28 | | 30 | || ns | 1,8 | 
Jwiite Cycle Time | tk | 25 | - | 9 | - | 3 | - | ne | 23 
[Clock High Access Time | tknov | - | 25 | - | 9 | - | 3 | ns 134,56) 
[Clock Low to Outputvalid | tv | - {| to | - | 3 | - | 5 | ne [3451 
[tow toOurputvaid | tc | - | to | - | 3 | - | 6 | mw | 3 
[Output Active from Clock Low | tnax | oO | - | o | - | o | ~ [on] | 
Output Active from Glow | tax | oO || p= | o | = | ns | 
[Clock Low Pulse Width | tuk | 5 | - | Ss | - | sl | ~ Tl | 
a ee a ee oe ae 


Clock High Pulse Width tKHKL 
nae Meh Mia 
TE i ime 


two | o | 3 | oo fe | ne | 67 | 
er ee ee eee 


NOTES: 
1. A read is defined by W high for the specified setup and hold times. 
2. A write is defined by W low for the specified setup and hold times. 























Hold Times for: 










3. All read and write cycle timing is referenced from K or from G. 

4. Access time is controlled by tx, qy if the clock high pulse width =(tkHOV—tKLay); otherwise it is controlled by tkHoyv. 

5. K must be fow for the outputs to transition. 

6. This is a synchronous device. All synchronous inputs must meet the specified setup and hold times with stable logic levels for ALL rising 
edges of clock (K) while the device is selected. 

7. Transition is measured + 500 mV from steady-state voitage with load of Figure 1B. This parameter is sampled and not 100% tested. At any 


given voltage and temperature, tx}4Q7 max is less than tkpHQx Min and tgHQz max is less than tg_Qx min for a given device. 
8. G becomes a don’t care sone for successive writes after the first write cycle. 





AC TEST LOADS 
+5V re: +5V 
330 330 
a 
85 pF 330 5 pF 
(INCLUDING (INCLUDING 
SCOPE AND JIG) | SCOPE AND JIG) 
Figure 1A Figure 1B 
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READ CYCLE 


tKHKH 


tKLKH 
K (CLOCK) 
G (OUTPUT ENABLE) 


—e Hes “: ac on RUNCENENENEN. 


A tKHWX ec a eS 
W (WRITE ENABLE) l X\\\// 7 WOW 
eeprom PREVIOUS HIGH Z XY) (wt) <) XX) a 


K (CLOCK) : 
G (OUTPUT ENABLE) 
tAVKH 


ae XK I Bonen a a vennenne aae : 
ee SG oS fama 


‘DVKH 


an OOK OOOO IOI 


tKLOZ 





t— ‘DVKH 


Q (DATA OUT) Qn —1 
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ORDERING INFORMATION 
(Order by Full Part Number) 


MCM 62975 X XX 


Motorola Memory Prefix ees a Speed (25=25 ns, 30=30 ns, 35=35 ns) 


Part Number Package (FN = PLCC) 


Full Part Numbers— MCM62975FN25 §=MCM62975FN30 MCM62975FN35 
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MOTOROLA 
Ea SEMICONDUCTOR III 
TECHNICAL DATA 


MCM62980 


Advance Information 
64K x 4 Bit Fast Synchronous 
Static RAM 


The MCM62980 is a 262,144 bit synchronous static random access memory 
organized as 65,536 words of 4 bits, fabricated using Motorola’s high-performance 
silicon—gate CMOS technology. The device integrates a 64K x 4 SRAM core with J PACKAGE 
advanced peripheral circuitry consisting of positive edge triggered registers on eRen eon 
address and synchronous write enable inputs. Asynchronous controls consist of 
asynchronous write strobe and output enable (G). This device has increased 
output drive capability supported by multiple power pins. 

Write cycles are differentiated from read cycles by the state of the synchronous 
write enable pin (SW) at the rising edge of clock (K). Write cycles are completed 
only if asynchronous write strobe (AW) is asserted within the specified setup time 
of the following rising edge of clock (K). Write cycles may be aborted by negating 
the AW signal prior to the low transition of the clock. 

Additional power supply pins have been utilized and placed on the package for 
maximum performance. In addition one set of power pins is electrically isolated 
from the other set and supplies power only to the output buffers. This allows 
connecting the output buffers to 3.3 V instead of 5.0 V if desired. If 3.3 V output 
levels are chosen, the output buffer impedance in the “high” state is approximately 
equal to the impedance in the “low” state which allows simple yet effective 
transmission line terminations to be achieved. 

The MCM62980 will be available in a 28 pin 300 mil plastic SOU. 

Applications for this device include cache data and tag RAMs. See Figure 2 for 
applications information. 

Single 5 V +10% Power Supply 

Choice of 5.0 V or 3.3 V +10% Power Supplies for Output Buffers 
Fast Access and Cycle Times: 15/20 ns Max 

Fully Synchronous Operation, Single Clock Control 

Clock Timed Writes with Asynchronous Late Write Abort 
Registered Address Inputs 

Common Data Inputs and Data Outputs 

Output Enable Controlled Three-State Outputs 

High Output Drive Capability: 85 pF/Output at Rated Access Time 
High Board Density 300 mil PSOJ Package 









PIN ASSIGNMENT 









AO-A15 ...........64.. Address Inputs 
LAs eee Asynchronous Write Strobe 
OW sey awtes Synchronous Write Enable 
Iie oie eater caeucuee as uns Loma ute Clock 
Cree Se oe reg ee Output Enable 
DQ0-DQ3 .......... Data Input/Output 
VOG <u beh auetests +5 V Power Supply 
VG6GO Es Output Buffer Power Supply 
VEO aitonsies Output Buffer Ground 

od Watee pete on ate whae tise aes Ground 









All power supply and ground pins must be 
connected for proper operation of the device. 
Voc 2 Vcocqatall times including power up. 


This document contains information on a new product. Specifications and information herein are subject to change without notice. 
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BLOCK DIAGRAM 


DQ0-DQ3 























cr MEMORY ARRAY OUTPUT 
Lit 
ADDRESS 5 Skid BUFFER [74 
(AO-A15) G 256 ROWS 
co 256 COLUMNS 









WRITE AMPLIFIER 


i CONTROL 






‘ REGISTER 


This device contains circuitry to pro- 
tect the inputs against damage due 
to high static voltages or electrical 
fields; however, it is advised that nor- 
mal precautions to taken to avoid 
application of any voltage higher 
than maximum rated voltages to this 
high-impedance circuit. 







eT 
Current | Status 

Read Cycle 
Write Gyol 
Aborted Write Cycle 


NOTE: SW and AW satisfy the specified setup and hold times for the rising edge of clock (K). 




















This CMOS memory circuit has 
ABSOLUTE MAXIMUM RATINGS (Voltages referenced to Vss = Vgsgq = 0 V) been designed to meet the de and ac 


specifications shown in the tables, 


after thermal equilibrium has been 















Power Supply Voltage —0.5 to 7.0 established. 
Voltage Relative to Vac/V for Any Pin Except Vin, V —0.5 to Vac +0.5 V 
Veo and Vccq Pe ee : ‘ j MoMeat | eevee te)" | This device contains circuitry that 
will ensure the output devices are in 
Temperature Under Bias ~10 to +85 
Operating Temperature 0 to +70 
Storage Temperature —55 to +125 
NOTE: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are exceeded. 
Functional operation should be restricted to RECOMMENDED OPERATING CONDITIONS. 
Exposure to higher than recommended voltages for extended periods of time could affect device 
reliability. 
AC TEST LOADS 
+5V +5 V 
480 480 
DQ DQ 
255 85 pF 255 5 pF 
(INCLUDING INCLUDING 
SCOPE AND JIG) COPE AND JIG) 
Figure 1A Figure 1B 
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DC OPERATING CONDITIONS AND CHARACTERISTICS 
(Voc = 5.0 V + 10%, Vocg = 5.0 V or 3.3 V t 10%, Ta = 0 to +70°C, Unless Otherwise Noted) 


Output Buffer Supply Voltage 
(8.0V 


TTL Compatible) 
(3.3 V 50 Q Compatible) 





input Low Voltage 
*VccQ must be $ Vcc at all times, including power up. 
**Vi_ (min) = —3.0 V ac (pulse width < 20 ns) 


DC CHARACTERISTICS 
Parameter 


Input Leakage Current (All Inputs, Vin = 0 to Voc) likg(!) 
Output Leakage Current (G = Vj) likg(O) 


AC Supply Current (G = Vip, ICCA 
All Inputs = Vi_ = 0.0 V and Vip 2 3.0 Vv, 
lout = 0 mA, Cycle Times 2 tkyKH min) 


Output Low Voltage (Io, = +8.0 mA) | Von | 


VOL 
Output High Voltage (Io = —4.0 mA) 


Parameter 
Input Capacitance (All Pins Except DQ0—DQ3) 
Input/Output Capacitance (DQ0—DQ3) 





CAPACITIVE LOAD EQUIVALENT RESISTANCE 





i=CxdVidt = Voup /50 
y ——— _—_ 
+ 
Vout 85 pF Vout= 4 V 500 
425 05> a 
dV 4V 
1=0x( Natl) 5x10" ———s } = 80mA i-V- 4 -80ma 
dt 4.25 x 10 R 50 


85 pF load is equivalent to a 50 Q termination 
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AC OPERATING CONDITIONS AND CHARACTERISTICS 
(Vcc = 5.0 V t 10%, Vecg = 5.0 V or 3.3 V 10%, Ta = 0 to + 70°C, Unless Otherwise Noted) 





Input Timing Measurement Reference Level....... 
Input Pulse Levets 
Input Rise/Fall Time 


Ce 


READ AND WRITE CYCLE TIMING (See Note 1) 







Access Times: 
Clock High to Output Valid 
Output Enable Low Output Valid 


Aborted Write Cycles: 
Clock Low to Asynchronous Write Strobe High 
Clock High to Asynchronous Write Strobe Invalid 








Output Buffer Control: 
Output Enable High to Output High-Z 
Output Enable Low to Output Low-Z 
Reads: 
Clock High to Output Low-Z after Write 
Clock High to Output Invalid 
Writes: 
Clock High to Output High-Z after Read 


Clock: 
Clock High Time 
Clock Low Time 






Setup Times: 
Address Valid to Clock High 
Synchronous Write Enable Valid to Clock High 
Writes: 
Data In Valid to Clock High 
Asynchronous Write Strobe Low to Clock High 


Hold Times: 
Clock High to Address Invalid 
Clock High to Synchronous Write Enable Invalid 
Writes: 
Clock High to Data In Invalid 
Clock High to Asynchronous Write Strobe High 


NOTES: 
1. This is a synchronous device. All synchronous 


edges of clock (K). ; 









2. 
3. 


Cycle Times: 
Clock High to Clock High tKHKH 





eres 1.5V Output Timing Reference Level..................eeeeeeeee DOV 
Settle 0 to 3.0 V Output Load ............ See Figure 1A Unless Otherwise Noted 
pic aaiwace g 3ns . 









15 












tKHQV 

tGLQV 
tKLAWH 
tKHAWX 


tGHQZ 
tGLax 
























tKHOX1 
tKHQX2 



















tKHQZ 


tKHKL 







tAVKH 
_ ISWVKH 









tDVKH 
tAWLKH 







— 
forme, 
_ 
oo Ph fh oOo 





inputs must meet the specified setup and hold times with stable logic levels for ALL rising 


Into rated load of 85 pF equivalent resistive load (see Figure 1). 
Transition is measured + 500 mV from steady-state voltage with output load of Figure 1B. This parameter is sampled and not 100% tested. At 


any given voltage and temperature, tx}H@Qz is less than tkHQx1 and tgHqz is less than tgLQx for a given device. 
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READ CYCLES 
'KHKH 
IKHKE 'KLK 


K 


woress XT YXRXKKKKIX | KKKKKKKKRN XR 
sw TRILL TYR NIKKY 

DATA OUT () XXXKX) @ V 
{KHQ tGHOZ tGLax 


G 


IGLAV 


READ — WRITE — READ CYCLES 
IKHK 


pees KHKL 
fam wy Jf 
wooness XT XXX LXXYKEX LXER XR LXER 
as aaa a ae XX DR XXX 


DATA IN YYY 


X= KKK 
> tol 


a 'AWLK {KHAWX 
{KHOX! ~ tkHAWH  KLAW 
ae 
AW \ f| 


READ WRITE READ ABORTED WRITE 


(2) 
Z| 
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ADDRESS BUS: 






74F191 
COUNTER 


CA(3:2) 













74F258 
MULTIPLEXER 


74F241 : 


BUFFER SYNCHRONO 


SRAM 


mae 
Ltt 

Eee 

ee 
aaa 

MCM62980 

64K x 4 
US 





DATA BUS 


Figure 2. Burstable 64K x 32 Memory Array 





ORDERING INFORMATION 
(Order by Full Part Number) 


MCM £62980 x xXx XX 


; Shipping Method (R2 = Tape & Reel, Blank = Rails) 


Speed (15 = 15 ns, 20 = 20 ns) 






Motorola Memory Prefix 
Part Number 


Package (J = 300 mil SOv) 


Full Part Numbers ~ MCM62980J15 = MCM62980J15R2 
MCM62980J20 MCM62980J20R2 
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MOTOROLA 


a SEMICONDUCTOR 
TECHNICAL DATA 





MCM62981 


Advance Information 
64K x 4 Bit Fast Synchronous 
ParityRam™ 


The MCM62981 is a 262,144 bit synchronous static random access memory 
organized as 65,536 words of 4 bits, fabricated using Motorola’s high-performance 
silicon-gate CMOS technology. The device integrates a 64K x 4 SRAM core with 
advanced peripheral circuitry consisting of positive edge triggered registers on 
address and synchronous write enable inputs. Asynchronous controls include 


asynchronous write strobes and output enable (G). This device has increased Ae tae 
output drive capability supported by multiple power pins. Four asynchronous write CASE 857 


strobes (AW0-—AW3) are provided to allow each bit position to be written 
individually, thereby simplifying the task of supporting byte parity. This x4 
organized SRAM is ideally suited for parity on 32 bit words. The device is PIN ASSIGNMENT 
functionally similar to the MCM62980 and MCM62990 with the only difference 
being the individual bit write capablilty. 

Write cycles are differentiated from read cycles by the state of the synchronous 
write enable pin (SW) at the rising edge of clock (K). Write cycles are completed 
only if the appropriate asynchronous write strobe (AWx) is asserted within the 
specified setup time of the following rising edge of clock (K). Write cycles may be 
aborted by ensuring each AWx is negated by the time the clock transitions to the 
low state. 

Additional power supply pins have been utilized and placed on the package for 
maximum performance. In addition one set of power pins is electrically isolated 
from the other set and supplies power only to the output buffers. This allows 
connecting the output buffers to 3.3 V instead of 5.0 V if desired. If 3.3 V output 
levels are chosen, the output buffer impedance in the “high” state is approximately 
equal to the impedance in the “low” state which allows simple yet effective 
transmission line terminations to be achieved. 

The MCM62981 will be available in a 32 pin 300 mil plastic SOU. 
Applications for this device include parity RAMs for fast data caches. 
Single 5 V +10% Power Supply 

Choice of 5.0 V or 3.3 V +10% Power Supplies for Output Buffers 
Fast Access and Cycle Times: 15/20 ns Max 

Fully Synchronous Operation, Single Clock Control 

Clock Timed Writes with Asynchronous Late Write Abort 

Each Bit Position Individually Writeable for Simple Parity Support 
Registered Address Inputs 

Common Data Inputs and Data Outputs 

Output Enable Controlled Three-State Outputs Address Inputs 


High Output Drive Capability: 85 pF/Output at Rated Access Time AWO0-AW3 . Asynchronous Write Strobes 
Synchronous Write Enable 





Output Enable 

Data Input/Output 

+5 V Power Supply 

Output Buffer Power Supply 
Output Buffer Ground 
Ground 

No Connect 





All power supply and ground pins must be 
connected for proper operation of the device. 
Voc 2 Vocqatall times including power up. 


ParityRAM is a trademark of Motorola Inc. 
This document contains information on a new porduct. Specifications and information herein are subject to change without notice. 
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BLOCK DIAGRAM 
DQ0-DQ3 
| MEMORY ARRAY OUTPUT 
ADDRESS D 64Kx4 BUFFER | 74 
(A0-A15) je 256 ROWS 
x 256 COLUMNS 






REGISTER 


AWO AWi AW2 AWS G 


TRUTH TABLE (See Note) 


Supply vO 
Current Status 
Read Cycle Data Out 
Read Cycle High-2 mal precautions to taken to avoid 
Write Cycle High-Z application of any voltage higher 
; ; than maximum rated voltages to this 
Ab Write Cyc! | High-Z 
Gian arcu 


This CMOS memory circuit has 
been designed to meet the dc and ac 


ABSOLUTE MAXIMUM RATINGS (Voltages referenced to Vgs = Vssq = 0 V) | | specifications shown in the tables, 


after thermal equilibrium has been 
Symbol established. 
Power Supply Voltage —0.5 to 7.0 


Voltage Relative to Vec/V for Any Pin Except | Vin, V -~0.5 to Ver +0.5 This device contains circuitry that 
Ver and Vcca eee J foun Siete vce reer a) ¢ will ensure the output devices are in 
: . 







This device contains circuitry to pro- 
tect the inputs against damage due 
to high static voltages or electrical 
fields; however, itis advised that nor- 
















Rating 
















; 
V 
Temperature Under Bias —10 to +85 


NOTE: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are exceeded. 
Functional operation should be restricted to RECOMMENDED OPERATING CONDITIONS. 
Exposure to higher than recommended voltages for extended periods of time could affect device 


reliability. 
AC TEST LOADS 
+5 V +5 V 
480 480 
DQ = DQ 
255 85 pF 255 5 pF 
(INCLUDING (INCLUDING 
SCOPE AND JIG) SCOPE AND JIG) 
Figure 1A Figure 1B 
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DC OPERATING CONDITIONS AND CHARACTERISTICS 
(Vcc = 5.0 V + 10%, Vocg = 5.0 V or 3.3 V + 10%, Ta = 0 to +70°C, Unless Otherwise Noted) 


RECOMMENDED OPERATING CONDITIONS (Voltages referenced to Vsg = Vsgq = 0 V) 


Supply Voltage (Operating Voltage Range) 


Output Buffer Supply Voltage 
(5.0 V TTL Compatible) 


(3.3 V 50 Q Compatible) 












Input High Voltage 


Input Low Voltage 


*Vit (min) = -3.0 V ac (pulse width < 20 ns) 





DC CHARACTERISTICS 


Input Leakage Current (All Inputs, Vin = 0 to Voc) Iikg() 
Output Leakage Current (G = Vjy) Ikg(O) 


AC Supply Current (G = Vip, 
All Inputs = Vy = 0.0 V and Viy 2 3.9 V 
lout = 0 mA, Cycle Times 2 tkHKH min) 


Output Low Voltage (lo, = +8.0 mA) | VoL | 
Output High Voltage (Ioy = —4.0 mA) | Von | 2 















Parameter 


Input Capacitance (All Pins Except DQ0-DQ3) 
Input/Output Capacitance (DQ0—DQ3) 





CAPACITIVE LOAD EQUIVALENT RESISTANCE 


ive I = Voy 50 
a 
a yo 
Vout 85 pF Vout = 4 V 90 Q 
425 05m | 
dV 4V . 
state) carta om | = ROTA j-V- 4 =80mA 
dt 4.25 x 107 R 50 


85 pF load is equivalent to a 50 Q termination 
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AC OPERATING CONDITIONS AND CHARACTERISTICS 
(Voc = 5.0 V + 10%, Vocg = 5.0 V or 3.3 V +t 10%, Ta = 0 to +70°C, Unless Otherwise Noted} 


Input Timing Measurement Reference Level ................ 15V Output Timing Reference Level ................ 2-0. eee e eee 1.5V 
input Pulse Levels “sec d:2iee nave ieseeaaG ee susas oee3 0to3.0V OutputLoad ............ See Figure 1A Unless Otherwise Noted 
Input. Rise/Fall Time ks <co2s% 2a Se isk eats ata neee eyed es 3 ns 


READ AND WRITE CYCLE TIMING (See Note 1) 
















| | MCM62981-15 | 
Parameter Symbol coe 


Cycle Times: 
Clock High to Clock High 'KHKH 
Access Times: 
Clock High to Output Valid tKHQV 
Output Enable Low Output Valid tGLQV 


Aborted Write Cycles: 
Clock Low to Asynchronous Write Strobe High tKLAWxH 
Clock High to Asynchronous Write Strobe Invalid tKHAWxX 





























Output Buffer Control: 
Output Enable High to Output High-Z tGHQZ 
Output Enable Low to Output Low-Z tGLax 


Reads: 
Clock High to Output Low-Z after Write 
Clock High to Output Invalid 

Writes: 

Clock High to Output High-Z after Read 


Clock: 
Clock High Time 
Clock Low Time 











tKHQX1 
tKHOQX2 










tKHQZ 


tKHKL 
{KLKH 
























Setup Times: 
Address Valid to Clock High tAVKH 
Synchronous Write Enable Valid to Clock High tSWVKH 


Writes: 
Data In Valid to Clock High 
Asynchronous Write Strobe Low to Clock High 


Hold Times: 
Clock High to Address Invalid 
Clock High to Synchronous Write Enable Invalid 
Writes: 
Clock High to Data In Invalid 
Clock High to Asynchronous Write Strobe High 


10 
NOTES: 


1. This is a synchronous device. All synchronous inputs must meet the specified setup and hold times with stable logic levels for ALL rising 
edges of clock (K). 

2. Into rated load of 85 pF equivalent resistive load (see Figure 1). 

3. Transition is measured + 500 mV from steady-state voltage with output load of Figure 1B. This parameter is sampled and not 100% tested. At 
any given voltage and temperature, tx}4Qz is less than tkHQx1 and tgHaqz is less than tg_qQx for a given device. 









tDVKH 
tAWxLKH 












tKHAX 
tKHSWX 








tKHDX 
tKHAWxH 


NO Nh Pp ao PhP 
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READ CYCLES 


— «Mie TYRE NKR 
a x al YXKYXXKY YXXXKX 


(\/\ (\i\/\ 


o 
Z| 


IKHOX 
DATA UT A227 _ XXX) V 


{KHQV IGHOQZ 1GLAX 


Ls 


G 


IGLAV 


READ — WRITE — READ CYCLES 


aaa 'KHKL 
a oe aes 
wooess XDAXXXRX_DXXXKKXDXRKKHX RMN XXKERRE 


o FN Loo oN CXRRRK 


oa ‘aD CON 
on Gey Bog | 


tKHAWxX 
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READ WRITE READ ABORTED WRITE 


ORDERING INFORMATION 
(Order by Full Part Number) 


MCM 62981 x XX Xx 


Motorola Memory en i “Le Shipping Method (R2 = Tape & Reel, Blank = Rails) 
Part Number Speed (15 = 15 ns, 20 = 20 ns) 
Package (J = 300 mil SOv) 
Full Part Number — MCM62981J15 MCM62981J15R2 
MCM62981J20 MCM62981J20R2 
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BE SEMICONDUCRRN Ieee 


TECHNICAL DATA | 
MCM62982 


Advance Information 
64K x 4 Bit Fast Synchronous 
Static RAM with Output Registers 


The MCM62982 is a 262,144 bit synchronous static random access memory 
organized as 65,536 words of 4 bits, fabricated using Motorola’s high-performance 
silicon-gate CMOS technology. The device integrates a 64K x 4 SRAM core with © J PACKAGE 
advanced peripheral circuitry consisting of positive edge triggered registers on Praha 
address and synchronous write enable inputs and output registers. Asynchronous 
controls consist of asynchronous write strobe and output enable (G). This device 
has increased output drive capability supported by multiple power pins. 

Write cycles are differentiated from read cycles by the state of the synchronous 
write enable pin (SW) at the rising edge of clock (K). Write cycles are completed 
only if asynchronous write strobe (AW) is asserted within the specified setup time 
of the following rising edge of clock (K). Write cycles may be aborted by negating 
the AW signal prior to the low transition of the clock. 

Read cycle output register operation occurs on the rising edge of clock (K) and 
provides data from the previous clock (K) high in a two cycle pipeline operation. 

Additional power supply pins have been utilized and placed on the package for 
maximum performance. In addition one set of power pins is electrically isolated 
from the other set and supplies power only to the output buffers. This allows 
connecting the output buffers to 3.3 V instead of 5.0 V if desired. If 3.3 V output 
levels are chosen, the output buffer impedance in the “high” state is approximately 
equal to the impedance in the “low” state which allows simple yet effective 
transmission line terminations to be achieved. 

The MCM62982 will be available in a 28-pin 300-mil plastic SOu. 


Single 5 V + 10% Power Supply 

Choice of 5 V or 3.3 V + 10% Power Supplies for Output Buffers 
Fast Access and Cycle Times: 12/15 ns Max 

Fully Synchronous Operation, Single Clock Control 

Clock Timed Writes with Asynchronous Late Write Abort 
Registered Address Inputs 

Output Registers for Fully Pipelined Applications 

Common Data Inputs and Data Outputs 

Output Enable Controlled Three-State Outputs 

High Output Drive Capability: 85 pF/Output at Rated Access Time 
High Board Density PSOJ Package 


PIN ASSIGNMENT 





Address Inputs 
Asynchronous Write Strobe 
Synchronous Write Enable 


Output Enable 

Data Input/Output 

+5 V Power Supply 

Output Buffer Power Supply 
Output Buffer Ground 





All power supply and ground pins must be 
connected for proper operation of the device. 
Voc 2 Vccqatall times including power up. 


This document contains information on a new product. Specifications and information herein are subject to change without notice. 
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BLOCK DIAGRAM 






DQ0-DQ3 

















(ep) (ep) 

Ve MEMORY ARRAY or 
ADDRESS t 64Kx4 F | OUTPUT 
(AO-A15) a) 256 ROWS © | BUFFER 

or 256 COLUMNS o 













WRITE AMPLIFIER 


; CONTROL 





REGISTERS 





TRUTH TABLE (See Note) 


ae 

Current | Status 
Read Cycle 
Write Cycle 


NOTE: SW and AW satisfy the specified setup and hold times for the rising edge of clock (K). 


This device contains circuitry to pro- 
tect the inputs against damage due 
to high static voltages or electrical 
fields; however, it is advised that nor- 
mal precautions to taken to avoid 
application of any voltage higher 
than maximum rated voltages to this 
high-impedance circuit. 

























This CMOS memory circuit has 
ABSOLUTE MAXIMUM RATINGS (Voltages referenced to Vss = Vssq = 0 V, See Note) been designed to meet the dc and ac 


a specifications shown in the tables, 
Symbol after thermal equilibrium has been 
Power Supply Voltage —0.5 to 7.0 V 


rv established. 
Voltage Relative to Vgs/Vssq for Any Pin Except Vin: Vout —-0.5 to Voc +0.5 V 

Vcc and Vcca } 

Temperature Under Bias -10 to +85 
Storage Temperature -55 to +125 


NOTE: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are exceeded. 
Functional operation should be restricted to RECOMMENDED OPERATING CONDITIONS. 
Exposure to higher than recommended voltages for extended periods of time could affect device 









This device contains circuitry that 
will ensure the output devices are in 
High-Z at power up. 





reliability. 
AC TEST LOADS 
+5 V +5 V 
480 480 
DQ DQ 
255 85 pF 255 5 pF | 
(INCLUDING INCLUDING 

SCOPE AND JIG) COPE AND JIG) | 
| 
Figure 1A Figure 1B | 
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MCM62982 


DC OPERATING CONDITIONS AND CHARACTERISTICS 
(Voc = 5.0 V t 10%, Vocg = 5.0 V or 3.3 V + 10%, Ta = 0 to +70°C, Unless Otherwise Noted) 


RECOMMENDED OPERATING CONDITIONS (Voltages referenced to Vss = Vgsq = 0 V) 
Parameter 





Supply Voltage (Operating Voltage Range) 


Output Buffer Supply Voltage 
(5.0 V TTL Compatible) 


(3.3 V 50 22 Compatible) 


*VCCQ must be ¥ Vcc at all times, including power up. 
*“Vit (min) = -3.0 V ac (pulse width < 20 ns) 


DC CHARACTERISTICS 


Parameter Symbol 


Input Leakage Current (All Inputs, Vin = 0 to Voc) ikg(1) 


Output Leakage Current (G = Vip) | likg(O) 


AC Supply Current (G = Vjy, ICCA 
All Inputs = Vi_ = 0.0 V and Viz 2 3.0 V, 
lout = 0 mA, Cycle Times 2 tkyKH Min) 
Output Low Voltage (Io, = +8.0 mA) j | Vor | — | 


VOL 
Output High Voltage (Oy = —4.0 mA) 


Parameter 
Input Capacitance (All Pins Except DQ0—DQ3) 
Input/Output Capacitance (DQ0—DQ3) 





CAPACITIVE LOAD EQUIVALENT RESISTANCE 





i= Cx dVidt I= Vout /50 
V - 
+ 
out 4V 
Vout = 4 V 50Q 
425 0s 
dV 4V . 
1-cx( St) e510" ——— } = 80 mA iz V= 4 =80maA 
dt 4.25 x 10 R 50 


85 pF load is equivalent to a 50 Q termination 
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AC OPERATING CONDITIONS AND CHARACTERISTICS 
(Voc = 5.0 V + 10%, Vecg = 5.0 V or 3.3 V + 10%, Ta = 0 to +70°C, Unless Otherwise Noted) 


Input Timing Measurement Reference Level................ 15V Output Timing Reference Level ........... 0.0... . eee ee eee 1.5V 
Input Pulse Levels ............0..c ccc eee eee ce rs eeees 0to3.0V Output Load ............ See Figure 1A Unless Otherwise Noted 
Input Rise/Fall Time .......... 2... cece eee eee 3 ns 


READ AND WRITE CYCLE TIMING (See Note 1) 


MCM62982-12 | MCM62982-15 
Parameter Symbol_| Min | Max | Min | Max _ 
Cycle Times: 
Clock High to Clock High tKHKH 15 


Access Times: 
Clock High to Output Valid tKHOQV 
Output Enable Low Output Valid tGLOV F 
Aborted Write Cycles: 
'KLAWH oe 
tKHAWX | 2 







NP 






Clock Low to Asynchronous Write Strobe High 
Clock High to Asynchronous Write Strobe Invalid 





Output Buffer Control: 
Output Enable High to Output High-Z tGHQZ 2 
Output Enable Low to Output Low-Z tGLox 2 
Reads: 
Clock High to Output Low-Z after Write tKHQX1 4 
Clock High to Output Invalid tKHQX2 5 
Writes: 
Clock High to Output High-Z after Read tKHQZ 3 
Clock: 
Clock High Time 
Clock Low Time 
Setup Times: 
Address Valid to Clock High tAVKH 
Synchronous Write Enable Valid to Clock High tSWVKH 
Writes: 
Data In Valid to Clock High tDVKH 
Asynchronous Write Strobe Low to Clock High tAWLKH 
Hold Times: 
Clock High to Address Invalid tKHAX 2 
Clock High to Synchronous Write Enable Invalid tKHSWX 2 
Writes: 
Clock High to Data In Invalid tKHDX 0 
Clock High to Asynchronous Write Strobe High tKHAWH 2 
NOTES: . 
1. This is a synchronous device. All synchronous inputs must meet the specified setup and hold times with stable logic levels for ALL rising 
edges of clock (K). 


2. Into rated load of 85 pF equivalent resistive load (see Figure 1). 
3. Transition is measured + 500 mV from steady-state voltage with output load of Figure 1B. This parameter is sampled and not 100% tested. At 
any given voltage and temperature, tkyqQz is less than tkHQx 1 and tgHqz is less than ta_q x for a given device. 
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MCM62982 


READ AND WRITE CYCLES 


tKHK 


TT IKHKL 
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© 


'GLax 
-IGLav 


@| 


{KHDX 
IDVKH 


DATA IN XK c ) YX) ony “4 


READ READ/WRITE ABORTED 
WRITE 


ORDERING INFORMATION 
(Order by Full Part Number) 


MCM 62982 x XX XX 
Motorola Memory eet | Li Shipping Method (R2 = Tape & Reel, Blank = Rails) 
Part Number Speed (12 = 12 ns, 15 = 15 ns) 
Package (J = 300 mil SOJ) 


Full Part Numbers — MCM62982J12 MCM62982J12R2 
MCM62982J15 MCM62982J15R2 
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TECHNICAL DATA 





MCM62983 


Advance Information 


64K x 4 Bit Fast Synchronous 
ParityRAM™ with Output Registers 


The MCM62983 is a 262,144 bit synchronous static random access memory 
organized as 65,536 words of 4 bits, fabricated using Motorola’s high-performance 
silicon-gate CMOS technology. The device integrates a 64K x 4 SRAM core with 
advanced peripheral circuitry consisting of positive edge triggered registers on 
address and synchronous write enable inputs. Asynchronous controls include 
asynchronous write strobes and output enable (G). This device has increased 
output drive capability supported by multiple power pins. Four asynchronous write 


strobes (AWO—AWS3) are provided to allow each bit position to be written J PACKAGE 
individually, thereby simplifying the task of supporting byte parity. This x4 PLASTIC 


CASE 857 





organized SRAM is ideally suited for parity on 32 bit words. The device is 
functionally similar to the MCM62982 with the only difference being the individual 
bit write capablilty. 

Write cycles are differentiated from read cycles by the state of the synchronous PIN ASSIGNMENT 
write enable pin (SW) at the rising edge of clock (K). Write cycles are completed 
only if the appropriate asynchronous write strobe (AWx) is asserted within the 
specified setup time of the following rising edge of clock (K). Write cycles may be 
aborted by ensuring each AWx is negated by the time the clock transitions to the 
low state. 

Read cycle output register operation occurs on the rising edge of clock (K) and 
provides data from the previous clock (K) high in a two cycle pipeline operation. 

Additional power supply pins have been utilized and placed on the package for 
maximum performance. In addition one set of power pins is electrically isolated 
from the other set and supplies power only to the output buffers. This allows 
connecting the output buffers to 3.3 V instead of 5.0 V if desired. If 3.3 V output 
levels are chosen, the output buffer impedance in the “high” state is approximately 
equal to the impedance in the “low” state which allows simple yet effective 
transmission line terminations to be achieved. 

The MCM62983 will be available initially in a 32-pin 300-mil plastic SOJ followed 
by a 300-mil 32-pin plastic DIP. 

Single 5 V + 10% Power Supply 

Choice of 5 V or 3.3 V + 10% Power Supplies for Output Level Buffers 

Fast Access and Cycle Times: 12/15 ns Max 

Fully Synchronous Operation, Single Clock Control 

Clock Timed Writes with Asynchronous Late Write Abort 

Each Bit Position Individually Writeable for Simple Parity Support 

Registered Address Inputs 

Output Registers for Fully Pipelined Applications 

Common Data Inputs and Data Outputs 

Output Enable Controlled Three-State Outputs Address Inputs 

High Output Drive Capability: 85 pF/Output at Rated Access Time AWO-AWS . Asynchronous Write Strobes 
Synchronous Write Enable 

High Board Density PSOJ Package 





Output Enable 

Data Input/Output 

+5 V Power Supply 

Output Buffer Power Supply 
Output Buffer Ground 
Ground 

No Connect 





All power supply and ground pins must be 

connected for proper operation of the device. 
ParityRAM is a trademark of Motorola Inc. Vcc 2 Vccq atall times including power up. 
This document contains information on a new product. Specifications and information herein are subject to change without notice. 
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MCM62983 


BLOCK DIAGRAM 
DQ0-DQ3 















MEMORY ARRAY 


256 ROWS 
256 COLUMNS 


‘ WRITE AMPLIFIER _— 
a CONTROL ~—s | 






OUTPUT 
BUFFER 


ADDRESS 
(A0-A15) 


EGISTER 
g 
x 
RK 
REGISTERS 


R 














REGISTER 


| 


AWO AW1 AW2 AW3 


This device contains circuitry to pro- 
tect the inputs against damage due 






TRUTH TABLE (See Note) 


Supply V0 
a ee ee 













to high static voitages or electrical 
Read Cycle | Data Out 
Rds honeecc ne ic e 
Read Cycle Icc High-Z mal precautions to taken to avoid 
Write Cycle application of any voltage higher 
Aborted Write Cycle than maximum rated voltages to this 





high-impedance circuit. 


This CMOS memory circuit has 
been designed to meet the dc and ac 
specifications shown in the tables, 
after thermal equilibrium has been 
established. 


[Symbol | value 
This device contains circuitry that 
TA 


will ensure the output devices are in 


Voltage Relative to Vss/Vssq for Any Pin Except -0.5 to Voc +0.5 
High-Z at power up. 


Voc and Vcocq 


Cs 


Power Dissipation (T,=25°C) Feo W 
Temperature Under Bias 
Operating Temperature | TA | (Oto470 

Storage Temperature | Teg | -88to+125 | og | 


NOTE: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are exceeded. 
Functional operation should be restricted to RECOMMENDED OPERATING CONDITIONS. 
Exposure to higher than recommended voltages for extended periods of time could affect device 


° 
° 


V 

V 
A 
Cc 
C 

°C 





reliability. 
AC TEST LOADS 
+5V +5V 
480 480 
DQ DQ 

255 85 pF 255 == 5 pF 
SCOPE AND JIG) SCOPE AND JIG) 

Figure 1A Figure 1B 
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MCM62983 


DC OPERATING CONDITIONS AND CHARACTERISTICS 
(Vcc = 5.0 V + 10%, Vocg = 5.0 V or 3.3 V + 10%, Ta = 0 to +70°C, Unless Otherwise Noted) 


RECOMMENDED OPERATING CONDITIONS (Voltages referenced to Vss = Vssgq = 0 V) 


Supply Voltage (Operating Voltage Range) 














Output Buffer Supply Voltage 
(5.0 V TTL Compatible) 
(3.3 V 50 Q Compatible) 


Input High Voltage | Vin | 2 
Input Low Voltage LV | 


*VCCQ must be < Voc at all times, including power up. 
**Vit (min) = -3.0 V ac (pulse width < 20 ns) 





DC CHARACTERISTICS 
[SS aameter SSSSS~*dC bt 


AC Supply Current (G = Vip, ICCA 


All Inputs = Vi, = 0.0 V and Vip 2 3.0 V, 




















lout = 0 mA, Cycle Times 2 tkyHKH min) 


Output Low Voltage (Io, = +8.0 mA) 


Output High Voltage (IOH = —4.0 mA) 








Parameter | Max | 
Input Capacitance (All Pins Except DQ0-DQ3) | 6 | 
Input/Output Capacitance (DQ0—DQ3) 





CAPACITIVE LOAD EQUIVALENT RESISTANCE 





i= Cx avid |= Voy4/50 
—> 


Vout 85 pF 
4.25 ns “ie di: 


fi | 
i=Cx (—OUl 95x 19-12, (—_4V | =80ma 
dt 4.25 x 1079 


85 pF load is equivalent to a 50 Q termination 
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AC OPERATING CONDITIONS AND CHARACTERISTICS 
(Voc = 5.0 V + 10%, Vocg = 5.0 V or 3.3 V + 10%, Ta = 0 to +70°C, Unless Otherwise Noted) 


Input Timing Measurement Reference Level................ 1.5V Output Timing Reference Level . are) ops ate tea .. 1.5V 
input: Pulse Level -23.)6555 pc bsanieguaee peat lawan cas -0t0 3.0 V’ Output Load ............ See Figure 1A Unless Otherwise Noted 
Input Rise/Fall TMG: . 50:5 ccxsieses is sees ie uw as deme pean: 3 ns 


READ AND WRITE CYCLE TIMING (See Note 1) 


ie 
Cycle Times: 
Clock High to Clock High. . tKHKH 


Access Times: 
Clock High to Output Valid 'KHQV 
Output Enable Low Output Valid tGLav 


Aborted Write Cycles: 

Clock Low to Asynchronous Write Strobe High tKLAWxH 
Clock High to Asynchronous Write Strobe Invalid tKHAWxX 
Output Buffer Control: 
Output Enable High to Output High-Z 
Output Enable Low to Output Low-Z 

Reads: 
Clock High to Output Low-Z after Write 
Clock High to Output Invalid 

Writes: 













2 


















tGHQZ 
tGLax 














tKHQX1 
tKHQX2 








Clock High to Output High-Z after Read tKHQZ 
Clock: 

Clock High Time 'KHKL 

Clock Low Time tKLKH 
























Setup Times: : . 
Address Valid to Clock High tAVKH - 
Synchronous Write Enable Valid to Clock High tSWVKH 


Writes: 
Data In Valid to Clock High 
Asynchronous Write Strobe Low to Clock High 


Hold Times: 
Clock High to Address Invalid 
Clock High to Synchronous Write Enable Invalid 
Writes: 
Clock High to Data In Invalid 
Clock High to Asynchronous Write Strobe High 


NOTES: 
1. This is a synchronous device. All synchronous inputs must meet the specified setup and hold times with stable logic levels for ALL rising 
edges of clock (K). 
2. Into rated load of 85 pF equivalent resistive load (see Figure 1). 
3. Transition is measured + 500 mV from steady-state voltage with output load of Figure 1B. This parameter is sampled and not 100% tested. At 
any given voltage and temperature, tk}H@z is less than tkHQx1 and tGH@z is less than tgLQx for a given device. 
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READ AND WRITE CYCLES 
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iz 
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'GLav 
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READ READ/WRITE gril 


ORDERING INFORMATION 
(Order by Full Part Number) 


MCM 62983 x XX XX 
Motorola Memory an 2 ; i Shipping Method (R2 = Tape & Reel, Blank = Rails) 
Part Number Speed (12 = 12 ns, 15 = 15. ns) 
Package (J = 300 mil SOJ) 


Full Part Number —- MCM62983J12 MCM62983J12R2 
MCM62983J15 MCM62983J15R2 
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=z SEMICONDUCTOR aS ET 
TECHNICAL DATA 


MCM62990 


Advance Information 
16K x 16 Bit Fast Synchronous 
Static RAM 


The MCM62990 is a 262,144 bit synchronous static random access memory 
organized as 16,384 words of 16 bits, fabricated using Motorola's 
high-performance silicon-gate CMOS technology. The device integrates a 16Kx16 
SRAM core with advanced peripheral circuitry. Inputs to the device fall into two =: ‘ ene 
categories: synchronous and asynchronous. All synchronous inputs pass through : CASE 778 
positive-edge- triggered registers controlled by a single clock input (K). The 
synchronous inputs include all addresses, the two chip enables (SE and SE), and 
the synchronous write enable (SW). . 

-_ Asynchronous inputs include the asynchronous byte write strobes . _ PIN ASSIGNMENT 

(AWL and AWH#), output enable (G), data (DQ0—DQ15), data latch Se | = lz 8 i) g 

enable (DL), and the clock (K). Input data can be asynchronously z <lBIZ12 2 lz x 10 % 
latched by DL to provide simplified data-in timings duririg write cycles. 52 51 50 49 

Address and write control are registered on-chip which greatly 
simplifies write cycles. Dual write strobes (AWL and AWH) are 
provided to allow individually writeable bytes. AWL controls 
DQ0-DQ7, the lower bits while AWH controls DQ8—DQ15, the 
upper bits. In addition, the AWs allow late write cycles to be aborted 
if they are “false” during the low period of the clock. Dual chip 
enables (SE and SE) are provided allowing address decoding to be 
accomplished on-chip when the device is used in a dual bank mode. 

An input data latch is provided. When data latch enable (DL) is 
high the data latches are in the transparent state. When DL is low 
the data latches are in the latched state. This data input latch 
simplifies write cycles by guaranteeing data hold time in a simple 
fashion. | 

Additional power supply pins have been utilized and placed on the 
package for maximum performance. In addition one set of power 
pins is electrically isolated from the other two and supplies power 
only to the output buffers. This allows connecting the output buffers a2a22re2 28 a a 
to 3.3 V instead of 5.0 V if desired. If 3.3 V output levels are chosen, eS ae 
the output buffer impedance in the “high” state is approximately 
equal to the impedance in the “low” state which allows simple yet 
effective transmission line terminations to be achieved. 

The MCM62990 will be available in a 52 pin plastic leaded chip 





SE 








carrier (PLCC). Address Inputs 

Typical applications for this device are cache memory and tag Clock Input 
RAMs, memory in systems which are pipelined and systems which OL Data Latch Enable 
require wide data bus widths and reduced parts count. a be ble pee atone 
e Single 5 V + 10% Power Supply 3 AWH ... Upper Byte Async Write Strobe 
e Choice of 5 V or 3.3 V Power Supplies for Output Buffers leer ih ve 
e Fast Access and Cycle Times: 17/20/25 ns Max G | Aavnclecacus Output Enable 
e Byte Writeable via Dual Write Strobes with Abort Write Capability — Data Input/Output 
° Separate Data Input Latch for Simplified Write Cycles Cc ere ahd Pohl mpd 
e Clock Controlled Registered Address, Write Control, and Dual Chip Enables Output Buffer Ground 
e Common Data Inputs and Data Outputs Ground 
e Output Enable Controlled Three-State Outputs No Connect 
¢ High Output Drive Capability: 85 pF/Output at Rated Access Time corheciadtorerope operation oth Herd ks 
e High Board Density 52 Lead PLCC Package Voc 2 Vccaatall times including power up. 


This document contains information on a new product. Specifications and information herein are subject to change without notice. 
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BLOCK DIAGRAM 


ADDRESS 


(A0-A13) 14 128 ROWS 


128 COLUMNS 


| WRITE AMPLIFIER 


CONTROL 


AWL AWH 


REGISTERS 





n 
x = 
. REGISTERS 


| wose | Sah | sit 
Transparent Data In 
Transparent Data In 


Write Cycle Upper 8 Bits 
Latched Data In 





NOTES: 2) 
1. X means don't care. True (T) is SE = 1 and SE = 0. 
2. Registered inputs (addresses, SW, SE, and SE) satisfy the specified setup and hold times about 
the rising edge of clock (K). Data-in satisfies the specified setup and hold times for DL. 
3. A transparent write cycle is defined by DL high during the write cycle. 
4. A latched write cycle is defined by DL transitioning low during the write cycle and satisfying the 
specified setup and hold times. 


ABSOLUTE MAXIMUM RATINGS (Voltages referenced to Vss = Vgsgq = 0 V) 


Rating Symbol | Value | Unit 
Power Supply Voltage ~0.5 to 7.0 V 


i pana tp to Vss/Vssq for Any Pin Except 
CC 

Output Current (per I/O) 
Power Dissipation (Ta = 70°C) Pp [20 Tw 
Temperature Under Bias 
Operating Temperature | oT; | Oto+70 |e 
Storage Temperature 


NOTE: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are exceeded. 
Functional operation should be restricted to RECOMMENDED OPERATING CONDITIONS. 
Exposure to higher than recommended voltages for extended periods of time could affect device 
reliability. 








< 
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| 


2 DQ0-DQ15 
UTPUT 
MEMORY ARRAY 

16Kx16 BUFFER 


16 


LATCH 


DL 


This device contains circuitry to pro- 
tect the inputs against damage due 
to high static voltages or electrical 
fields; however, itis advised that nor- 
mal precautions to taken to avoid 
application of any voltage higher 
than maximum rated voltages to this 
high-impedance circuit. 


This CMOS memory circuit has 
been designed to meet the dc and ac 
specifications shown in the tables, 
after thermal equilibrium has been 
established. 


This device contains circuitry that 
will ensure the output devices are in 
High Z at power up. 





MCM62990 


DC OPERATING CONDITIONS AND CHARACTERISTICS 
(Voc = 5.0 V + 10%, Vocg = 5.0 V or 3.3 V + 10%, Ta = 0 to +70°C, Unless Otherwise Noted) 


RECOMMENDED OPERATING CONDITIONS (Voltages referenced to Vss = Vgsq = 0 V) 


Output Buffer Supply Voltage 
(5.0 V TTL Compatible) 


(3.3 V 50 Q Compatible) 





Input Low Voltage 
"VCCQ must be S Vcc at all times, including power up. 
“Vit (min) = -3.0 V ac (pulse width S 20 ns) 


DC CHARACTERISTICS 
Parameter 


Input Leakage Current (All Inputs, Vin = 0 to Voc) 
Output Leakage Current (G = Vip) 


AC Supply Current (G = Vip, All Inputs = Vi or Vj, MCM62990-17: txkyKH = 17 ns 
Vit = 0.0 V and Vip 2 3.0 V, lout = 0 mA, MCM62990-20: tkHKH = 20 ns 
Cycle Time 2 tkHKH min) . MCM62990-25: tkHKH = 25 ns 


Standby Current (E = Vy, E = Vjz, All Inputs = Vi_ or Viy, 
Vit = 0.0 V and Vjy 2 3.0 V, lout = 0 mA, Cycle Time 2 tkyKH min) 


Output Low Voltage (Io, = +8.0 mA) 
Output High Voltage (Io = —4.0 mA) 


Parameter 
Input Capacitance (All Pins Except DQ0—DQ15) 
Input/Output Capacitance (DQO0-—DQ15) 





CAPACITIVE LOAD EQUIVALENT RESISTANCE 


i= Cx dVidt I= Vout /50 
_—_—_——_ ——— 
Vout 85 pF Vout = 4 V 502 
425 nso ih 
dV 4V 
-cx( Mt) e510 =) 280i iz V- 4 -80mA 
dt 4.25 x 107 R 50 


85 pF load is equivalent to a 50 Q termination 
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AC OPERATING CONDITIONS AND CHARACTERISTICS 
(Voc = 5.0 V + 10%, Veocg = 5.0 V or 3.3 V + 10%, Ta = 0 to +70°C, Unless Otherwise Noted) 


Input Timing Measurement Reference Level................ 1.5V Output Timing Reference Level ................... 0.00, 1.5V 
Input Pulse Levels ............. 000 c cece 0to3.0V Output Load ............ See Figure 1A Unless Otherwise Noted 
IAPULAISE/ Fall. TiMie si2 549 oat CoN oe es salvia 24 ee eke ee ales 3ns 


READ AND WRITE CYCLE TIMING (See Notes 1 and 2) 


MCM62990-17 | MCM62990-20 
Cycle Times tKHKH 17 _ 20 | 
Clock High to Clock High 


Access Times 
Clock High to Output Valid 
Output Enable Low to Output Valid 


Aborted Write Cycles 

Clock Low to Asynchronous Write Strobes 
(AWL, AWH) High 

Clock High to AWx Invalid 
















tKHQV 
tGLav 























tKLAWxH 










tKHAWxX 






























































































Output Buffer Control e 
Asynchronous Output Enable (G) High to tGHQZ 2 
__ Output High Z 
G Low to Output Low Z tGLax 2 
Reads: 
Clock (K) High to Output Low Z After tKHOX1 8 
Deselect or Write 
Data Out Hold After Clock High tKHOQX2 5 
Writes: 
K High to Output High Z After Read tKHQZ 3 
Clock 
Clock High Time tKHKL 4 4 
Clock Low Time tKLKH 10 10 
Setup Time 
Address Valid to Clock High tAVKH 3 3 3 
Synchronous Write (SW) Valid to Clock High tSWVKH 3 3 3 
Synchronous Enables (SE, SE) Valid to Clock tSEVKH 3 3 3 
High 
Writes: 
Data-In Valid to CLock High tDVKH 6 6 7 
AWL, AWH Low to Clock High tAWxLKH 6 6 7 
Data Latch: 
Data-in Valid to DL Low tOVDLL 1 1 1 
Hold Times 
Clock High to Address Invalid tKHAX 2 2 2 
Clock High to SW Invalid tKHSWX 2 2 2 
Clock High to SE, SE Invalid tKHSEX 2 2 2 
Writes: 
Clock High to Data-in Invalid tKHDX 2 2 2 
Clock High to AWL, AWH High tKHAWxH 2 2 2 
Clock High to DL High tKHDLH 2 2 2 
Data Latch: 
DL Low to Data-in Invalid tpLLDX 3 3 3 
DL High to Clock High toLHKH 6 6 7 





NOTES: 
1. A transparent write cycle is defined by DL high during the write cycle. 
2. Alatched write cycle is defined by DL transitioning low during the write cycle and satisfying the specified hold time for the rising edge of clock 


(K). 

3. Into rated load of 85 pF equivalent resistive load (see Figure 1A). 

4. Transition is measured +500 mV from steady-state voltage with output load of Figure 1B. This parameter is sampled and not 100% tested. At 
any given voltage and temperature, tx}H@Qz is less than tkxHQx and tGHqz is less than tg_Qx for a given device. 

5. This is a synchronous device. All synchronous inputs must meet the specified setup and hold times with stable logic levels for ALL rising 
edges of clock (K) or falling edges of data latch enable (DL). 
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READ CYCLES 


— tKHKH 
KHKL IKLKH 
iKSEX 


= | AXXINNRN | ARKH ARERR 
on ane cece ae XXX XXX 
= | XXRXXKREY | XXXXXXKKY —_ XXXEXXXXXKKK 


mi— tKHOX2 IGLOX 


sao) Oe 
'GLav 


n 
= 


DATA OUT + 


KHQ 


G 


READ — UNLATCHED WRITE — READ CYCLES 


IKHKH 
m—— IKHKL 'KLKH 


ADDrESS ae mC DC OYA 
wa a IS AWA 


“T_T Bs 
DATAIN — Ok IN| KKK) 
=e 


” 
Z| 


B= [DVKH 


(X out 





DATA OUT (K our f 
tKLAWxH —| + tAWxLKH 
mcm: YXXXXXXXKKKKKME S| 
'KHAWxH 
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WRITE CYCLES 


'KHKH 


. “| atic pho CAAHONNAIUNNH 
Tae 


IDLLDX 
VVVV/ 


1 Sai —— 
: C cncannienand 


~z 


ro) 
= 








LATCHED ABORTED UNLATCHED 


WRITE WRITE WRITE 
AC TEST LOADS 
+5V +5V 
480 480 
DQ DQ 
255 85 pF 255 5 pF 
(INCLUDING (INCLUDING 
SCOPE AND JIG) SCOPE AND JIG) 
Figure 1A Figure 1B 


ORDERING INFORMATION 
(Order by Full Part Number) 


MCM 62990 xx xx 


Motorola Memory a Le Speed (17 = 17 ns, 20 = 20 ns, 25 = 25 ns) 


Part Number Package (FN = PLCC) 
Full Part Number — MCM62990FN17 MCM62990FN20 MCM62990FN25 
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MOTOROLA 


a SEMICONDUCTOR 
TECHNICAL DATA 


MCM62995 


Advance Information 
16K x 16 Bit Asynchronous/Latched 
Address Fast Static RAM 


The MCM62995 is a 262,144 bit latched address static random access memory 
organized as 16,384 words of 16 bits, fabricated using Motorola’s FN PACKAGE 
high-performance silicon-gate CMOS technology. The device integrates a 16Kx16 a PLASTIC 
SRAM core with advanced peripheral circuitry consisting of address and data input CASE 778 
latches, active high and active low chip enables, separate upper and lower byte 
write strobes, and a fast output enable. This device has increased output drive 
capability supported by multiple power pins. In addition, the output levels can be 








either 3.3 V or 5 V TTL compatible by choice of the appropriate output bus power PIN ASSIGNMENT 
supply. ; or Zils Q wn A © 
Address, data in, and chip enable latches are provided. When x = fw | z |z LS OQyzHxio = Zw 
latch enable (LE for address and chip enables and DL for data in) is 
high the address, data in, and chip enable latches are in the NC 
transparent state. If latch enable (LE, DL) is tied high the device Dav 
can be used as a asynchronous SRAM. When latch enable (LE, 
DL) is low the address, data in, and chip enable latches are in the DOs 
latched state. This input latch simplifies read and write cycles by Veca 
guaranteeing address and data-in hold time in a simple fashion. Vssq 
Dual write strobes (BWL and BWH) are provided to allow DOs 
individually writeable bytes. BWL controls DQ0—DQ7, the lower Das 
bits. While BWH controls DQ8—DQ15, the upper bits. nos 
Additional power supply pins have been utilized and placed on the 
package for maximum performance. In addition, the output buffer DQ2 
power pins are electrically isolated from the other two and supply Vssq 
power only to the output buffers. This allows connecting the output Voca 
buffers to 3.3 V instead of 5.0 V if desired. If 3.3 V output levels are pat 
chosen, the output buffer impedance in the "high” state is pao 


approximately equal to the impedance in the “low” state thereby 
allowing simplified transmission line terminations. 

The MCM62995 will be available in a 52 pin plastic leaded. chip 
carrier (PLCC). 

This device is ideally suited for systems which require wide data 
bus widths, cache memory, and tag RAMs. See Figure 2 for 
applications information. | 





e Single 5 V + 10% Power Supply petra ea 
e Choice of 5 V or 3.3 V + 10% Power Supplies for Output Buffers Data ee sla 
e Fast Access and Cycle Times: 17/20/25 ns Max Write Enable 
e Byte Writeable via Dual Write Strobes with Abort Write Capability Byte Write Strobe Low | 
; storie ; Byte Write Strobe High 
e Separate Data Input Latch for Simplified Write Cycles Active High Chip Enable 
e Address and Chip Enable Input Latches EB amcuaten res Active Low Chip Enable 
e Common Data Inputs and Data Outputs G Output Enable 
; Data Input/Output 
e Output Enable Controlled Three-State Outputs py +5 V Power Supply 
e High Output Drive Capability: 85 pF/Output at Rated Access Time Output Buffer Power Supply 
e High Board Density 52 Lead PLCC Package Otuput Buffer Ground 


No Connect 





All power supply and ground pins must be 
connected for proper operation of the device. 
Voc 2 Vocqatall times including power up. 


This document contains information on a new product. Specifications and information herein are subject to change without notice. 
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BLOCK DIAGRAM 
sayy) bae-0a15 
MEMORY ARRAY 
ADDRESS saKiie BUFFER 
(AO-A13) 128 ROWS 
128 COLUMNS 
WRITE AMPLIFIER 
ae 
E CONTROL 
K L 


TRUTH TABLE (See Note) 









| 





mode | Sure | stat 
CC 


wo 
= 
= 












Aborted Write Cycle High-Z 


Write Cycle Lower 8 Bits High-Z 


Write Cycle meet 8 Bits High-Z 
Latched Data In 


Latched Write Cycie | High-Z 
Latched Data In 


NOTE: True (T)is E = 1 andE =0.€, E, and addresses satisfy the specified setup and hold times for the 
falling edge of LE. Data in satisfies the specified setup and hold time for falling edge of DL. 





il ele E 
ee, 
Le Pere: 
Fea lc ala 





Ea Rease Geo oke 





ABSOLUTE MAXIMUM RATINGS (Voltages referenced to Vss = Vgsq = 0 V) 
Power Supply Voltage - -0.5 to 7.0 


Voltage Relative to Vss/Vssq for Any Pin Except Vin» Vout -0.5 to Voc +0.5 
Voc and Vc | 








Rating 





Power Dissipation (Ta = 70°C) 


Temperature Under Bias —10 to +85 
Storage Temperature —55 to +125 


NOTE: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are exceeded. 
Functional operation should be restricted to RECOMMENDED OPERATING CONDITIONS. 
Exposure to higher than recommended voitages for extended periods of time could affect device 
reliability. 


Operating Temperature 





?) 
© 
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| Unit 
Output Current (per I/O) | tout =| 20 mA 
Eos nDe an 





This device contains circuitry to pro- 
tect the inputs against damage due 
to high static voltages or electrical 
fields; however, itis advised that nor- 
mal precautions to taken to avoid 
application of any voltage higher 
than maximum rated voltages to this 
high-impedance circuit. 


This CMOS memory circuit has 
been designed to meet the dc and ac 
specifications shown in the tables, 
after thermal equilibrium has been 
established. 


This device contains circuitry that 
will ensure the output devices are in 
High-Z at power up. 








MCM62995 


DC OPERATING CONDITIONS AND CHARACTERISTICS 
(Voc = 5.0 Vt 10%, Vecg = 5.0 V or 3.3 V + 10%, Ta = 0 to +70°C, Unless Otherwise Noted) 


RECOMMENDED OPERATING CONDITIONS (Voltages referenced to Vss = Vssq = 0 V) 





Output Buffer Supply Voltage 
(5.0 V TTL Compatible) 


(3.3 V 50 Q2 Compatible) 


Input Low Voltage 


*VCCQ must be S Vcc at all times, including power up. 
**Vi_ (min) = —3.0 V ac (pulse width < 20 ns) 


DC CHARACTERISTICS 
Parameter 
Input Leakage Current (Ail Inputs, Vin = 0 to Voc) 
Output Leakage Current (G = Vj) 


AC Supply Current (G = Vj,, All Inputs = Vip or Vjy, MCM62995-17: tayay = 17 ns 
Vit = 0.0 V and Vip 2 3.0 V, Igut = 0 MA, MCM62995-20: tayvay = 20 ns 
Cycle Time 2 tayay min) MCM62995-25: tayvay = 25 ns 


Standby Current (E = Vjpy, E = Vj, All Inputs = Vy_ or Vin, 
Vit = 0.0 V and Vip 2 3.0 V, lout = 0 MA, Cycle Time 2 tayay min) 


Output Low Voltage (Io, = +8.0 mA) 7 


Output High Voltage (IoH = —4.0 mA) . VOH 


Parameter 
Input Capacitance (All Pins Except DQ0—DQ15) 
Input/Output Capacitance (DQ0—DQ15) 
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TEST LOADS 
+5V +5V 
480 480 
DQ DQ 
255 85 pF 255 5 pF 
INCLUDING (INCLUDING 
SCOPE AND JIG) SCOPE AND JIG) 
Figure 1A Figure 1B 


CAPACITIVE LOAD EQUIVALENT RESISTANCE 


i= CxaViet | = Voyyt /50 
oo ITS 


a Vout 85 pF 
4.25 1 it 


dV 4V 
'=cx( Mat) a5 10712 ———j } = 80 mA 
at 4.25x 107 


85 pF load is equivalent to a 50 Q termination 
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AC OPERATING CONDITIONS AND CHARACTERISTICS 
(Vcc = 5.0 V + 10%, Vocg = 5.0 V or 3.3 V + 10%, Ta = 0 to +70°C, Unless Otherwise Noted) 


Input Timing Measurement Reference Level ............... 1.5V Output Timing Reference Level .................002 eee eae 1.5V 
INbut Pulse LOVEIS* sie-53 Scie onan a has bade ees 0to3.0V Output Load............. See Figure 1A Unless Otherwise Noted 
INDULRISC/Fall MIMO naa tad aceeaw tei aeGua staat. 3 ns 

ASYNCHRONOUS READ CYCLE TIMING (See Notes 1, 2, 3, and 4) 









MCM62995-20 | MCM62995-25 
Parameter Symbol | Max | | Max | 


Read Cycle Times tAVAV 17 0 


Access Times: 
Address Valid to Output Valid 

E, E “True” to Output Valid 

Output Enable Low to Output Valid 





















Output Buffer Control: 
E, E “True” to Output Active 
G Low to Output Active 
E, E “False” to Output High-Z 

G High to Output High-Z 


Power Up Time 


NOTES: 

. LE and DL are equal to Vj} for all asynchronous cycles. 

. Write enable is equal to Vj} for all read cycles. 

. ET is defined by E going low coincident with or after E goes high, or E going high coincident with or after E goes low. 

. EF is defined by E going high or E going low. 

. All read cycle timing is referenced from the last valid address to the first transitioning address. 

. Addresses valid prior to or coincident with E going low or E going high. 

. Transition is measured +500 mV from steady-state voltage with output load of Figure 1B. This parameter is sampled and not 100% tested. At 
any given voltage and temperature, teFQ7 is less than teTQx and tgHqz for a given device. 










NOOO PON — 


ASYNCHRONOUS READ CYCLE 





LE (LATCH ENABLE) 


aworess YXXK XXX 


tAVAV 





E(CHIP ENABLE) ’ 


comncon ——1—{XXXK] __ ¥XKK__- KXKXK > 
'ETOX 'AXQX 'GHOZ a 


'GLAV 


G (OUTPUT ENABLE) 


W (WRITE ENABLE) 





DL (DATA LATCH ENABLE) KKK AMAA KAKA x XX KXXKKRKKMAAMAKMAA 


sre wanecusne, XXXXXK KXAN KAKA KKK 
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ASYNCHRONOUS WRITE CYCLE TIMING (See Notes 1, 2, 3, 4, and 5) 


Parameter  symor a 
eed 


Write Cycle Times tAVAV 17 


Setup Times: 
Address Valid to End of Write tAVWH 
Address Valid to End of Write tAVEF 
Address Valid to W Low tAVWL 
Address Valid to E, E “True” taVET 
Data Valid to W High tDVWH 
Data Valid to E or E “False” tpoVEF 
Byte Write Low to W High tBWxLWH 
Byte Write Low to E, E “False” tBWxLEF 
Byte Write High to W Low (Abort) tBWxHWL 


Hold Times: 


W High to Address Invalid tWHAX 
E, E “False” to Address Invalid tEFAX 
W High to Data Invalid tWHDX 
E, E “False” to Data Invalid tEFDX 
W High to Byte Write Invalid tWHBWxxX 


E, E “False” to Byte Write Invalid tEFBWxX 


Write Pulse Width: 
Write Pulse Width 
Write Pulse Width 
Enable to End of Write 
Enable to End of Write 


Output Buffer Control: 
W High to Output Valid 
W High to Output Active 
W Low to Output High-Z 


NOTES: 

. LE and DL are equal to Vj} for all asynchronous cycles. 

2. Awrite occurs during the overlap of ET, W low, and BWx low. An aborted write occurs when BWx remains at Vj} while W is low and satisfies 
the required setup and hold times.. 

3. Write must be equal to Vj}; for all address transitions. 

4. ET is defined by E going low coincident with or after E goes high, or E going high coincident with or after E goes low. 

5. EF is defined by E going high or E going low. 

6. All write cycle timing is referenced from the last valid address to the first transitioning address. 

7 

8 

9 





—_ 


. If E or E goes false coincident with or before W goes high, the output will remain in a high-impedance state. 
. If E and E goes true coincident with or after W goes low, the output will remain in a high-impedance state. 
. Transitionis measured +500 mV from steady-state voltage with output load of Figure 1B. This parameter is sampled and not 100% tested. At 
any given voltage and temperature, tywqQz is less than twHQx for a given device. 
10. If G goes low coincident with or after W goes low, the output will reamin in a high-impedance state. 
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ASYNCHRONOUS WRITE CYCLE 





LE (LATCH ENABLE) 


acaonness) XX) Se) E XX 


tAVAV 


E (CHIP ENABLE) 


| - tETW a tAVET 
W (WRITE ENABLE) Pole 


BWx (BYTE WATIE ENABLE) XXY - a ror CL 7 AX 
saan SOKO LYK ee Wy 


DL (DATA LATCH ENABLE) KKK XX 


tWHOV- Tim tWLQZ 
Q (DATA OUT) Xe) 


*— tWHOX 





- 





G (OUTPUT ENABLE) 





MOTOROLA MEMORY DATA 


9-180 


MCM62995 


LATCHED READ CYCLE TIMING (See Notes 1, 2, 3, and 4) 


[Read Gyiotimes SS SSSCS~*wtavay’ “| | — 2 


Access Times: 


Address Valid to Output Valid 17 20 
E, E “True” to Output Valid 17 20 
LE High to Output Valid 17 20 





Output Enable Low to Output Valid 
Setup Times: ns 
Address Valid to LE Low tAVLEL 
E, E “Valid” to LE Low tEVLEL 
Address Valid to LE High taVLEH 
E, E “Valid” to LE High tEVLEH 





Hold Times: 
LE Low to Address Invalid tLELAX 
LE Low to E, E “Invalid” tLELEX 


Output Hold: 
Address Invalid to Output Invalid taxQx 
LE High to Output Invalid tLEHQX1 


Latch Enable High Pulse Width tLEHLEL 


2 oe ol 





Pa 
HESS 
25 
25 
25 
10 
i 





Output Buffer Control: 
E, E “True” to Output Active tETQX 2 2 —_ 
G Low to Output Active tGLax 2 2 — 
LE High to Output Active tLEHQX2 2 2 — 
E, E “False” to Output High-Z tEFQZ 2 2 9 10 
LE High to Output High-Z tLEHQZ 2 2 9 10 
G High to Output High-Z tGHQZ 2 2 8 10 


NOTES: 

1. Write enable is equal to Vj for all read cycles. 

2. All read cycle timing is referenced from the last valid address to the first transitioning address. 

3. ET is defined by E going low coincident with or after E goes high, or E going high coincident with or after E goes low. 

4. EF is defined by E going high or E going low. 

5. Addresses valid prior to or coincident with E going low and E going high. 

6. Alllatched inputs must meet the specified setup and hold times with stable logic levels for ALL falling edges of latch enable (LE) and datalatch 
enable (DL). 

7. Transitionis measured + 500 mV from steady-state voltage with output load of Figure 1B. This parameter is sampled and not 100% tested. At 
any given voltage and temperature, teFQz is less than teTQx and tLEHQz 's less than t_EHQxe2 and tgHqz is less than tg, qx for a given 
device. 








MOTOROLA MEMORY DATA 


9-181 


MCM62995 


LATCHED READ CYCLES 


LE (LATCH ENABLE) A 
ae 
XK a ; es f KX XXX 


A (ADDRESS) 


ee 
OK _ 


Q (DATA OUT) 


ee Toa XKX pote 
G (OUTPUT ENABLE 
—— 


'GLOV 
W (WRITE ENABLE) 


oroaataronenaste) XXXXKXXXXKXXAXKAXAXAAMAKAKAN TRKXKLIN X 
Bik (BYTE WATIE ENABLE) XX XXX XXXXKKKAAAAAX XXXKKXKKKKXKKKXKKKKK us 
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LATCHED WRITE CYCLE TIMING (See Notes 1, 2, 3, and 4) 





Write Cycle Times: 
Address Valid to Address Valid 
LE High to LE High 

Setup Times: 
Address Valid to End of Write tAVWH 
Address Valid to End of Write tAVEF 
E, E “Valid” to LE Low tEVLEL 2 
Address Valid to LE Low | taVLEL 2 
E, E “Valid” to LE High tEVLEH 0 
Address Valid to LE High taVLEH 0 
LE High to W Low_ tLEHWL 0 
Address Valid to W Low tAVWL 0 
Address Valid to E, E “True” taVET 0 
Data Valid to DL Low tDVDLL 1 
Data Valid to W High tpVWH 8 
Data Valid to E or E “False” toVEF 8 
DL High to W High tDLHWH 8 
DL High to E, E “False” toLHEF 8 
Byte Write Low to W High tBWxLWH 8 
Byte Write Low to E, E “False” tBWxLEF 8 
Byte Write High to W Low (Abort) tBWxHWL 0 

Hold Times: _ 
LE Low to E, E “Invalid” tLELEX 3 
LE Low to Address Invalid tLELAX 3 
DL Low to Data Invalid tpLLDXx 3 
W High to Address invalid tWHAX 0 
E, E “False” to Address Invalid tEFAX 1 
W High to Data Invalid tWHDX 0 
E, E “False” to Data Invalid tEFDX 0 
W High to DL High tWHDLH 0 
E, E “False” to DL High tEFDLH 0 
W High to Byte Write Invalid tWHBWxX 2 
E, E “False” to Byte Write Invalid tEFBWxX 2 
W High to LE High tWHLEH 0 

Write Pulse Width: 
LE High to W High 
Write Pulse Width 
Write Pulse Width 
Enable to End of Write 
Enable to End of Write 

Output Buffer Control: 
W High to Output Valid 
W High to Output Active 
W Low to Output High-Z 

NOTES: * — Se okt = 
1. Awrite occurs during the overlap of ET, W low and BWx low. An aborted write occurs when BWx remains at Vj}4 while W is low and meets the 
required setup and hold times. 

2. Write must be equal to Vj} for all address transitions. o 
3. ET is defined by E going low coincident with or after E goes high, or E going high coincident with or after E goes low. 
4. EF is defined by E going high or E going low. 
5. All write cycle timing is referenced from the last valid address to the first transitioning address. 
6. All latched inputs must meet the specified setup and hold times with stable logic levels for ALL falling edges of latch enable (LE) and data 


latch enable (DL). 

. If E or E goes false coincident with or before W goes high, the output will remain in a high-impedance state. 

. If E and E goes true coincident with or after W goes low, the output will remain in a high-impedance state. 

. Transition is measured + 500 mV from steady-state voltage with output load of Figure 1B. This parameter is sampled and not 100% tested. At 
any given voltage and temperature, tw1_Qz is less than twH@a x for a given device. 

10. If G goes low coincident with or after W goes low, the output will reamin in a high-impedance state. 


© ON 
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LATCHED WRITE CYCLES 


tLEHLEH 
LE (LATCH ENABLE) 










ILELAX 
YY XXX 
A (ADDRESS) AA Rp RH 
'LELEX = tAVEF 
tEFAX 
lETEF 


E (CHIP ENABLE) 


tLEHWH 


W (WRITE ENABLE) 


'DVWH 
n|-t+—\ 
DATANN XXXL? 
IDLHWH 


(DVDLL 


DL (DATA LATCH ENABLE) 





Q (DATA OUT) 


G (OUTPUT ENABLE) 
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in DATA (15:8) 


L 


oO 


DATA (7:0) 


EE 
| sin 


MCM62995 MCM62995 
16Kx16 16Kx16 
LATCHED LATCHED 
SRAM SRAM 


ADDRESS (13:0) ADDRESS (13:0) 


= 
w 
= 


ow 


pa ad 
@| mim = 


BW 
E 
E 
G 


INSTRUCTION CACHE DATA CACHE 
(16K X 64) (16K X 64) 


ADDRESS LOW (17:0) DATA (31:0) TAG (19:0) 
DATA P (3:0) TAG P (2:0) 
TAG V 


R3000 PROCESSOR 





Figure 2. R3000 Application Example with 128K Byte Segregated 
instruction/Data Cache Using Eight Motorola MCM62995 Latched SRAMs 





ORDERING INFORMATION 
(Order by Full Part Number) 


MCM 62995 xx xx 


Motorola Memory ae [ee Speed (17 = 17 ns, 20 = 20 ns, 25 = 25 ns) 
Part Number Package (FN = PLCC) 


Full Part Number ~ MCM62995FN17 MCM62995FN20 MCM62995FN25 
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MOS EEPROM Am 
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ELECTRICALLY ERASABLE PROGRAMMABLE READ ONLY MEMORY 


Motorola Address Operating 
Organl- Part Access Time Current 
Densit zation Number ns Max mA Max Packaging 
p10 Tk PDIP 


| 2K OT 256Kxe [MCM2ei4P)— || 35s | S10 Cid” 
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TECHNICAL DATA 


256x8 BIT SERIAL EEPROM 


The MCM2814 is a 2048-bit serial electrically erasable PROM. 
Designed for handling data in applications requiring both non-volatile 
memory and in-system information updates. 


The MCM2814 is fabricated in an 8-pin DIL package using floating- 
gate HCMOS EEPROM technology. 


Features: 


e 
e 
e 
e 
e 
e 
e 
e 
® 
e 
« 


2048 bits organised as 256 bytes. 

Byte programmable. 

3 - 6V supply during read operations. 

On-chip Programming Voltage Generator. 

Two programming modes: two-wire serial access, M-bus/four- 
wire serial access SPI. 

Data protection of 1/4, 1/2, or 3/4 array with EEPROM bits. 
Simultaneous programming of 1 to 4 bytes. 

Automatic byte address increment in Read mode. 

Chip selection with separate pin. 

Single 4.5V to 6V supply during programming. 

Digital filtering on Clock and Data inputs. 

Bit program operation: no byte erase necessary. 

Data protection after Reset. 

Write/Erase endurance:10000 cycles over 0 to 70 DEG C. 
Typically 100,000 W/E cycles at ambient temperatures. 
Data retention: 10 years 


FETMOS 
(Floating-Gate Electron Tunnelling MOS) 


Thin Oxide 


Poly Oxide 
\ 


1st Poly _ e 2nd Poly 


P ~— Substrate 
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HCMOS 


(FLOATING-GATE TECHNOLOGY) 


256 x 8 BIT 
ELECTRICALLY ERASABLE 
PROGRAMMABLE READ 
ONLY MEMORY 


P SUFFIX 
PLASTIC PACKAGE 
CASE 626-04 


PIN ASSIGNMENT 


CSO/SPISS {1 


CSI/SPISO [2] EXTERNAL/ 
TEST 


16. | SCL/SPICK 


|5} SDA/SPIS! 


PIN DESCRIPTION 


VDD: Power Supply 

VSs: Ground (Ref) 

External/ 

Test Connected to on-chip 
Voltage Multiplier output 


Mode = 0 M-bus 

CSO Chip Select (Hardwired) 
CS1 Chip Select (Hardwired) 
SDA Serial Date I/O 

SCL Serial Clock Input 


Mode = 1 SPI 

SPISS Slave Select Input 
SPISO Serial Data Output 
SPISI Serial Data Input 
SPICK ‘Serial Clock Input 
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SECTION 1. PIN DESCRIPTION 


CSO/SPISS* 18] Vop 


CSI/SPISO* 


EXTERNAL/TEST 







MODE [3| 16] SCL/SPICK* 


Vss [4] [5 | SDA/SPISI* 


*M-bus/SPI 


Figure 1 Pinout 


1.1 Vss/Vpp (Pins 4/8) 


Vpp and Vss are used to power the circuit. In read mode 
this supply voltage must be comprised in the Vppr range. 
(See 5.2 Electrical Characteristics). In program mode this 
supply range is limited to Vppp. 


1.2 External/Test (Pin 7) 


This pin is used for testing the on-chip voltage multiplier 
that generates the programming voltage required for a 
program operation, and should be left open for 5 Voit only 
operation. 

An external capacitor (Low leakage) on this pin might have 
a positive impact on the programming endurance, as the 
Vpp rise time will be increased. 

Recommendations will be issued after the 
characterisation. As this on-chip generator has a high 
impedance, an external supply can be connected to this 
pin. This also allows to block any inadvertant 
programming by maintaining this pin at Vpp. 


1.3 Mode (Pin 3) 


This pin is used to select one of two modes of operation: 
M-bus mode at the low logic level or SP! mode at high 
level. 

This pin is usually hardwired to Vss or Vpp. It should only 
be changed if the circuit is internally in a standby state. 
This pin is high impedance when Vop is at Vss level. 


1.4 CS1 / SPISO (Pin 2) 


In M-bus mode, this pin is used for selecting multiple 
identical chips on the same serial bus. The chip address is 
formed by 5 bits predefined for this chip, followed by 2 
additional chip select bits. These last two bits must 


correspond to the CS1 / CSO code for proper chip 
selection. Up to four MCM 2814 can be connected on the 
same SCL and SDA lines. (See Figure 4). 


In SPI mode this pin is a push-pull slave data output 
(SPISO). It will shift-out byte addresses and data as 
described in Section 4. 

This pin is usually connected to the data input pin of a SPI 
master (MISO). 

This pin can not be pulled higher than 0.5 V above Vpp, 
even if Vpp is at Vss level. 


1.5 CSO / SPISS (Pin 1) 


In M-bus mode this pin is used in conjunction with CS1 for 
chip selection. (See above). 


in SPI mode this pin is a Slave Select input. In this mode 
the serial access is deselected when the SPISS input is 
high, and the SPISO data output pin is forced high 
impedance. Multiple chips using the same SPICK, SPISI 
and SPISO lines, can be selected via this pin as described 
in Figure 10. 

After powering up the device, a falling edge of the SPISS 
line is required to start the SPI serial access. 


This pin is high impedance when Vpp is at Vss level. 


1.6 SCL / SPICK (Pin 6) 


The serial clock is supplied on pin SCL / SPICK. This pin is 
an input only, therefore the chip can only operate as a 
slave under the control of a serial bus master. 

The clock input rising edge is used to shift in data present 
on the SDA/SPISI pin, and the falling edge is used to shift 
out data on the SDA or SPISO pin. 


This pin is high impedance when Vpp is at Vss level. 


1.7 SDA / SPISI (Pin 5) 


In M-bus mode, SDA pin is used to transmit data serially in 
the memory (Receiver) or from the memory (Transmitter). 
Data transmitted via this pin includes chip addresses, byte 
addresses, byte data, Read/Write and acknowledge bits. 
When SDA is in output, it operates as a pull-down only 
device (Open-drain). The protocol of this transmission is 
described in Figures 5 and 6. 


In SP! mode, this pin is a Slave data Input (SPISI) only and 
is used to receive opcodes, byte addresses and byte data. 
It is usually connected to the data output pin of a SPI 
master. (MOSI). 


This pin is high impedance when Vpp is at Vss level. 
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SECTION 2. EEPROM 


Source N+ 


Source 









ED soa 
| OV_| VPP [OPEN 






Figure 2 EEPROM Transistor 


256 Bytes of EEPROM memory are implemented in a 
floating gate double poly-silicon process. A Byte Address 
register is used to select one of the bytes. Three basic state 
of operation can be distinguished : 


e Standby state. 
e Read state 
e Program state 


2.1 EEPROM Operation 


2.1.1 Standby State 


In this state, neither a programming, nor a serial 
transmission occurs, and the power consumption is 
minimum. (See 3.4.1 and 4.5). 


2.1.2 Read State 


In read state the data of the selected byte is transferred 
from the memory array to the data shift register used for 
the serial transmission. This state is active during a serial 
transmission. 


2.1.3 Program State 


In this state, a programming voltage higher than Vpp is 
necessary. This voltage is generated by the on-chip 
voltage multiplier or can be supplied externally. During 
programming Vpp must be within the Vppp range. (See 
5.2). 


In M-bus mode, the programming starts at the end of a 
write command, when a STOP or a new START condition 
occurs. The programming is enabled at this time, as well 


as the on-chip voltage multiplier. If there is a capacitive 
load on the Vpp pin, the Vpp rise time should be added to 
the minimum program time tpROG. 


In SPI mode, programming could start when a write serial 
transmission is ended with an SPISS rising edge. Actual 
programming will only happen if enabled by a Vpp enable 
serial command. This command can be transmitted 
before or after the write sequence. 


2.2 EEPROM Data Protection 


Some circuitry has been included to prevent unwanted 
modification of EEPROM data, and is described below. 
However, a noisy serial link is very often the cause of bad 
data or data written to the wrong address. Besides 
measures to reduce this noise on the board, the serial 
clock and data inputs (SCL/SDA) have Schmitt triggers 
and digital filters to reject some of the noise. 


2.2.1 Power Up Reset 


Immediately after power is applied, programming is 
inhibited to prevent EEPROM data loss during the system 
power up. 


In both modes this condition is removed when a READ 
is performed. 

In M-bus mode, this condition is removed by reading 
the data in any byte address using the normal read 
sequence. 


In SPI mode, it is sufficient to send the READ opcode 
before a new Vpp enable command and the write 
sequence. 
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At Reset the following circuitry is initialised: 


e The circuit is in standby state. 

e In M-bus mode, it is waiting for a start eeidition. 

e In SPI mode, it is waiting for a high to low SPISS 
transition. 

@ The data outputs are high impedance (SDA, SPISO). 

@ The programming is disabled. 

e@ The on-chip Vpp generator is off. 


2.2.2 Programming Voltage Enable 


In SPI mode only, an internal programming voltage enable 
flip-flop can be set or cleared with two separate opcodes, 
thus reducing the risk of unwanted EEPROM 
programming. 


2.2.3 Array Write Protect 

In both modes, byte address 255 ($FF) contains EEPROM 
bits with a special function. When one or two bits of this 
address are programmed at once, the programming of 
EEPROM sections is inhibited according to the following 
table: 


ADDR $FF Addresses Protected 
XXXX 00XX No Write Prot. | 
$CO —$FB 
$80 — $FB 


$40 — $FB 






X = Don’t care 


Table 1 EEPROM Write Protect 


This protection is reversible as address 255 ($FF) can n be 
modified at any time. 


2.3 EEPROM Properties 


NO ERASE : Unlike most EEPROM''s it is not necessary to 
erase a byte before writing new data to it. 

The program operation takes ‘PROG and must be 
externally timed. 


CUMULATIVE : As the programming operation is under 
external control, it can be done at once or at various time 
frames as long as the total programming time exceeds the 
specified minimum tprRog value. 

tPROG is defined with Vpp at its programming level. 


SELF LIMITING : Excess pogramming has no positive 
effect, as programmed EEPROM thresholds will 
asymptotically reach their nominal values. Programming 
durations above the recommended tpRoc have negative 
impacts on the EEPROM programming endurance. 


2.4 EEPROM Reliability 


Reliability figures are statistical in nature. Therefore no 
minimum or maximum specifications can be applied. The 
result of reiiability tests will be published instead. These 
tests are conducted on a regular basis during the 
production life of a circuit and reports are available upon 
request. 


2.4.1 Data Retention 


Typical data retention should exceed 10 years for the 
specified operating temperature range. Data retention is 
usually tested with the device under bias, but without 
accessing the EEPROM array. 


2.4.2 Read Stress 


Unlike some non-volatile memories, there should be no 
disturbance of the stored data under continuous read of 
EEPROM bytes. The life limit under continuous read 
condition should therefore be similar to the normal 
operating life of the device. 


2.4.3 Program Endurance 


As for all EEPROM'S, there is a wearout mechanism 
associated with the programming mechanism on the 
non volatile memory. More than 10,000 programming 
cycles should be possible per memory bit, additionally 
100,000 cycles is typical for the specified temperature 
range. A programming cycle is defined as a 0 to 1 to 0 
programming. Unlike most EEPROM'S where the whole 
byte is erased before being re-programmed, if just one 
bit is modified in a byte, only this bit will see the | 
programming stress. 

Some endurance experiments have shown that the 
number of programming cycles can be increased if the 
Vpp rise time is increased. This can be achieved with an 
external capacitor on Vpp when the on-chip Vpp — 
generator is used. In SPI mode, the Vpp should be 
enabled after the write command has been transmitted. 
If an external Vpp is provided, it should be ramped up 
only after the write command is transmitted. In this 
case, a Vpp above the maximum value also has a 
negative impact on the endurance. 


2.5 Vpp Voltage Multiplier 


In M-bus mode, the on-chip Vpp generator is turned on or 
off automatically during a program sequence. 


In SPI mode, it is switched on only after a serial Vpp enable 
command has been issued, independently of write or read 
commands. 
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SECTION 3. M-BUS OPERATING MODE 


The MODE pin can be hardwired to Vpp or Vss to select 
two different modes of operation. Differences are at the 
serial transmission level and in the EEPROM operation. 
They are called M-bus mode and SPI mode. 


3.1 M-bus Mode 


Only two wires are needed to control the device operation. 
The serial transmission of this mode is similar to the liC (*) 
serial communication standard. It features : 







On-Chip Vpp 
Generator 












Chip 
Address 
M-Bus 
Interface 





Byte 


Addresses 


e Up to 4 identical chips on the same 2 wire bus. 
e CS1 / CSO pins for chip selection. 

e SCL clock line, input only. 

e SDA line used as Input and Output. 

e Data acknowledge bit generated. 

e Auto programming after reception of new data. 
e Programming time under external control. 

e Write inhibit after reset. 


*lIC is a trademark of Philips 








Byte Decoder 


Bit Drive 
and Sense 


Figure 3 M-bus Block Diagram 


3.2 Lexicon 


This lexicon will describe some terms used in this serial 
interface description. 


MASTER : The device that initiates the serial transmission 
is designated as master. In general, it is the device 
generating the clock. This memory can never function as a 
master. 


SLAVE : This memory always operates as a slave. 


TRANSMITTER : The device with its SDA pin in outputis a 
data transmitter. In the case of multiple devices in output, 
the device sending a low level will win due to the Open- 
Drain connection. 


RECEIVER : A device that has been properly selected by a 
chip address followed by a write bit is a receiver, and will 
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shift data present on the SDA pin in internal registers. © 


MSB : The Most Significant Bit is the first bit transmitted 
and received. 


START CONDITION : The start condition is defined as a 1 
to 0 transition of SDA when SCL is high. The first byte of 
data following a start condition includes the chip address 
followed by the R/W bit. All devices connected on the 
same bus receive this data to check if they are addressed. 


STOP CONDITION : The stop condition is defined as a 0 to 
1 transition of SDA when SCL is high. In this circuit, the 
stop condition is never mandatory. An EEPROM 
programming can be initiated by the STOP or also by any 
following START condition. 

ASTOP after a serial read sequence will put the device in 
standby state. 


CHIP ADDRESS : The first byte transmitted after a START 
contains the chip address followed by the Read/Write bit. 
The 7 bit chip address is formed of 5 fixed bits followed by 
2 chip select bits. 

Fixed bits are 1010X for this device (X is a don’t care bit). 


3.3 Chip Selection 


The 2 chip select bits must correspond to the 2 chip select 
inputs for proper chip selection. By this means, up to 4 
identical chips can be connected on the same SDA / SCL 
lines, in order to form a memory bank of up to 8 KBits. 


READ/WRITE BIT : The 8th bit transmitted by the master 
after the 7 bit chip address will indicate the direction of 
transfer for the next bytes. (Until a new start or stop). If 
low, the following bytes are transmitted by the master. If 


high, the following bytes are transmitted by the MCM 
2814. 


BYTE ADDRESS : The first byte of data received by the 
memory after the chip address, will be latched in the byte 
address register and is used to select one of the 256 
EEPROM bytes. 


ACKNOWLEDGE BIT : This bit is sent by the selected 
receiver on the data line after a byte reception. Due to the 
open drain structure, a valid acknowledge bit corresponds 
to a low level. While operating as a transmitter, sending a 
sequence of data bits, this device will check the 
acknowledge bit generated by the master. The absence of 
this bit will stop the transmission of data. 


The 2 chip select bits transmitted in the chip address must match the status of CS1 and CSO inputs. 


Master 
MCU 


ee SDA 2814 CSs1 
SCL MODE CSO 


SDA 
SCL 





spa 2814 cs} 
SCL mope CSO 


VpD ~——~o 


Vss + 


SDA 2814 csibk 


SCL mopE C90 


SCL MODE CSO 
3.4 Protocol 


At the protocol level, the transmission of data is defined in 
the form of sequences of Start (STA), Stop (STO) 
conditions, and bytes followed by acknowledge bits. 


3.4.1 Standby State 


When no serial transmission and no programming are 


Chip Address 
Transmitted 


1010 X11 
1010 X10 
1010 X01 
1010 X00 





X = Don't care 


Figure 4 M-bus Chip Selection 


made, the circuit is in standby. ASTOP condition following 
a@ reac sequence or a write byte address sequence (without 
data write), will put the circuit in standby. Anew START 
condition will wake up the device, to get the chip address. 
If the chip address is not valid, the device will return in 
standby. 

The power consumption is minimum in standby. 
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Write One Byte 


A| STO 
STA CHIP ADDR 04 BYTE ADDR A DATA IN 


PROGRAM 


Write up to 4 Bytes 


START PROG. 


CHIP ADDR RA 
| 


STOP PROG. 


CHIP ADDR 0 BYTE ADDR A DATAIN a DATAIN B 
t U 


STO RIA 
(CONT.) DATA IN E Sta| PROGRAM CHIP ADDR 
| | 
START PROG. STOP PROG. 


STA: Start Condition 
STO: Stop Condition 


R/W BIT: 1 = Read/0 = Write 
INC: Increment Byte Address AM: Master Acknowledge 


AS: Slave Acknowledge (2814) 


Figure 5 M-bus Write Protocol 


3.4.2 Write Sequence 


The serial write to the memory includes a serial 
transmission of the byte address and the data to be 
written. When this is completed by a stop or a new start 
condition, the programming sequence is initiated. 


Programming is under control of the master. It is initiated 
by the write sequence just described, and stopped by any 
new valid selection of the chip. 

Therefore, the tpROG time is defined as the time between 
these two operations, and is defined by the master. 


Bad chip addresses or chip addresses for other chips on 
the same bus do not suspend the programming. 


The on-chip Vpp generator is automatically turned on or 
off when needed. If an external Vpp is applied, the 
programming voltage is only allowed into the array during 
the above defined tprRog time. 





It is possible to program simultaneously up to 4 bytes, 
provided the 6 most significant bits of their addresses are 
identical. The byte address is incremented after each new 
data byte shifted in. 


3.4.3 Read Sequence 


Reading data from the memory is made in two steps. First 
the byte address must be loaded in the byte address 
register. Then data can be read out of the memory. The 
first step is only required to define the byte address. If this 
address was predefined from a previous read this step can 
be skipped. 

The byte address is automatically incremented after each 
data byte transmitted. 

This is also valid after the last byte of a transmission. 
Therefore, the next read sequence without any byte 
address specified, will transmit data of the next byte. A 
read sequence will transmit data bytes of successive 
addresses until the absence of the acknowledge bit from 
the master. In this case the SDA output driver will switch 
off and the circuit will go to standby. 
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Read One Byte. (Inc. Write Byte Address) 


A A , A STO 
CHIP ADDR 0 BYTE ADDR CHIP ADDR DATA OUT alere 
: | | 









INC 

Read One More Byte. (Byte Address Defined) 

A STO 

CHIP ADDR DATA OUT 
| ~ 
INC OPTIONAL 

Read Many Bytes 

A A | A 

STA CHIP ADDR S BYTE ADDR S STA CHIP ADDR Vis 
OPTIONAL 


(CONT.) 





A A STO 
DATA OUT DATA OUT DATA OUT iefete 
| | | 


INC | INC INC 


STA: Start Condition R/WBIT: 1 = Read/0 = Write AS: Slave Acknowledge (2814) 
STO: Stop Condition INC: Increment Byte Address AM: Master Acknowledge 


Figure 6 M-bus Read Protocol 


_ NO MASTER 
ACK. 


| READ | | 
START cHIPADDRESS BIT. = 2814ACK_— pata cguT | stop 
| eo ee oe pm 

| 3 See nee Wemee aer aeeee ee yy 
, 


| 
| 1 7\ Js\ f9\ fa\ fe 7\ Js\ J9\ Jl 
be Mees | ae ee Oey 





SDA CONTROL: ———-——— MASTER) — — — MCM 2814 


Figure 7 M-bus Read Detail 
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3.4.4 Signal Levels 


tHSTA tSSDA tHSDA tSsTO (BUF 
try 
SDA ~| = “| 
mm Hi | TD me 
‘| P| | | 
| | mA 
| | | tri | | | 
| | | l | 
SCL 
INPUT | : | 
| | 
Sees Were lees ee 
: t STOP TAR 
START tCLL DSDA O START 
SDA 
OUTPUT 
tRO tro 
Figure 8 M-bus Timings 
Electrical and switching characteristics are described in The acknowledge bit is provided by the device receiving 
Section 5. data. Therefore, during this time the data transmitter must 
During a transmission, SDA line transitions must occur leave the SDA line at high impedance. 
when SCL is low. A negative transition of SDA with SCL As this memory has an open drain SDA output, an external 
high is recognised as a START condition, the positive pull-up resistor to Vpp should be included on SDA line. 


transition as a STOP condition. 





SECTION 4. SP! OPERATING MODE 


The serial transmission of this mode requires 4 wires to e Programming under control of the master via serial 
control the device operation. It features: opcodes. 
e Multiple chips on same 3 wire bus with separate chip @ Programming time under external control. 
select lines. @ Write inhibit after reset. 
e SPISS chip selection. e Write enable/disable via serial opcodes. 
e SPICK clock line, Input only. e Byte address output for transparency. 
@ SPISI line used as Input only. 
e SPISO line used as Output only. This SP] mode can be used with the SPI of Motorola 
© No acknowledge bit. Microprocessor MC6805S2/S3, MC6805K2/L3/L8, 


MC68HCO05C4 and MC68HC11. 
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4.1 SPI Serial interface 
















On-Chip Vpp 
Generator 


Vss Memory 
Array 


256 Bytes 












Byte 
Addresses 
Byte Decoder 









THT 


Interface 


Figure 9 SPI Block Diagram 


Data OUT (MOSI) 


Data IN (MISO) +4 


Master SPICK 


SPISI MODE 





| SPISO 2814 
ae SPICK 


MCU Fs SPISS 


SS3 SS2 SS1 SSO 
ih SPISI MODE 


SPISO 2814 
Cae 


fae SPICK SPISS 


SPISI MODE 
SPISO 2814 
SPICK SPISS 



















SPISI MODE 
SPISO 2814 
SPICK SPISS 





Figure 10 SPI Chip Selection 
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The serial interface via pins SPICL, SPISI and SPISO is 
compatible with the SPI standard when the MODE pin is 
high. 


4.2 Lexicon 


This lexicon will describe some terms used in this serial 
interface description. 


MASTER : The device that generates the serial clock on 
SPICK is designated as master. This memory can never 
function as a master. 


SLAVE : This memory always operate as a slave as the 
SPICK pin is always an input. 


TRANSMITTER / RECEIVER : This device has separate 
pins for data transmission (SPISO) and reception (SPISI). 
Simultaneous data input and output can therefore occur 
when the chip is selected with SPISS and is clocked 
(SPICK). 


MSB : The Most Significant Bit is the first bit transmitted 
and received. 


CHIP SELECT : The chip is selected when pin SPISS is low. 


When the chip is not selected, no data will be input from 
pin SPISI, and output pin SPISO is high impedance. 


SPI Negative Clock 


SPISS \ - | 


SPICK 
spist \\\\\\f sit7 Le 
spiso —{\\Yar7fo _ 








4.3 Serial Op-Code 


The first byte transmitted after the chip is selected with 
SPISS going low, contains the opcode that defines the 
operation to be performed. 


Data 

Transmitted Operation 
Read byte address followed by data. 
Program enable. Vpp generator ON. 


Program disabie. Vpp generator OFF. 
Write (Program) data. 






Table 2 SP! Opcodes 


All other codes are invalid. After an invalid code is 
received, no data is shifted in the MCM 2814 and the 
SPISO data output is high impedance until a new SPISS 
falling edge re-initialises the serial communication. 


4.4 Protocol 


The MCM2814 SPI interface accepts both a negative or 
positive clock. 

The SPI protocol for this device defines the bytes 
transmitted on the SPISI and SPISO data lines for proper 
chip operation. 


SPI Positive Clock 


i eee 


\\\¥ sit7 Je 
: 





Positive Clock Edge: Shift IN 
Negative Clock Edge: Data OUT 


Figure 11 SPI Clock Phase and Polarity 


4.5 Standby State 


The circuit is in standby when no serial transmission takes 
place, when no write is waiting for the Vpp enable 
command and when the Vpp generator is off. 

When SPISS is high, standby state will follow: 

e A power up reset. 


e AVpp disable command. 
e A Read, providing no Vpp enable command has been 


issued previously: 


The power consumption is minimum in standby. 
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4.6 Read Sequence 


Read One or More Bytes 


SPISS \ / 





spisi_ Y\\X Reap cone Y avre aor KUL VALU LVL LLL TL 
spso —{_fpmin YX ee, YX evteaoon X_vatain X data X= 
invalid Opcodes 


sss \  lLUf 
sist \\\X_saocove X\\\\\\\\ 


SPIsO 


Figure 12 SPI Read 





Reading the memory via the serial SPi link requires the 
following sequence. The SPISS line is pulled low to select 
the device. The read opcode is transmitted on the SPISI 
line followed by the byte address. When this is done, data 
on the SPISI line has no more influence on the memory. At 
the beginning of an SPI transaction, the SPISO buffer is 
turned on and will shift out the current byte address. This 


4.7 Program Sequence 


Write One to Four Bytes 


SPISS 


can be used for a relative addressing of the byte address. 
The new byte address is then transmitted followed by 
corresponding data. If just one byte is read, SPISS can be 
pulled back to the high level. It is possible to continue the 
read sequence, as the byte address is automatically 
incremented. The byte address is shifted out only once, in 
the beginning of a transmission. 





Vpp Enable/Disable 


SPISS \ / \ / 


SPISI 


SPISO 





BYTE ADDR 


Figure 13 SPI Program 


To program a byte, two separate conditions must be 
simultaneously present. The program must be enabled via 
the Vpp enable command, and a serial write must be done. 
The Vpp enable will also turn on the on-chip Vpp 
generator. At this time, the chip is obviously not in 
standby, even if SPISS is high. The program disable 
command will stop the on-chip Vppsupply and protect the 


EEPROM data against unwanted modifications. An 
external Vpp supply will also be internally enabled or 
disabled by this mechanism. 

A write serial sequence includes an SPISS high to low 
transition, followed by the write code on the SPISI line. 
The byte address followed by the corresponding data to 
be written are then shifted through the SPISI pin. At the 
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beginning of an SPI transaction, the SPISO buffer is turned 
on and will shift out the current byte address. This can be 
used for a relative addressing of the byte to be 
programmed. The new byte address is also echoed for 
possible checking by the master. If Vpp is enabled, the 
programming will start after the SPISS line goes back to a 
high level. It is also possible to issue the Vpp enable 
command after the write sequence. 

If the Vpp enable command is issued after the serial write, 
no Read or invalid code should be transmitted in between 
as this would clear the programming latch containing the 


4.8 Signal Levels 


t t 
spss =_ a = 


Input 


Negative 
SPICK 


SPISI 
input 


SPISO 
Output 


tss 


Positive 
SPICK 
Input 


tRI 





data to be programmed. 

The programming is suspended when a new chip 
selection with SPISS low occurs. It is then possible to send 
anew write command to program new data. A Vpp enable 
or a Read command will stop the programming. 


It is possible to program simultaneously up to 4 bytes, 
provided the 6 most significant bits of their addresses are 
identical. The byte address is incremented after each new 
data byte shifted in. 


tSSN_ tRI 


tr 


Figure 14 SPI Timings 


Electrical and switching characteristics are described in Section 5. 
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Vss =0V 


5.1 Maximum Ratings 


Supply Voltage 

Input voltage pins 1, 3, 5,6 
Input voltage pin 2 
Current on any Input 

Sink current SDA 


Sink current SPISO 
Source current SPISO 
Operating temperature 
Storage temperature 
Junction Temperature 
Thermal resistance 





SECTION 5. CHARACTERISTICS 


—0.3 to +7.0 
—0.3 to +7.0 
-—0.3 to Vpp +0.3 
0.1 
10 
10 
10 

0 to 70 
— 55 to 125** 
150** 
200 


Stresses above those listed under ‘Maximum Ratings’ may cause permanent damage to the device. This is a stress rating only and 
functional operation of the device at these or any other conditions above those indicated in the operational sections of this 
specification is not implied. Exposure to absolute maximum operating conditions for extended periods may affect reliability. 


**In particular, continuous high temperature application may cause leakage of stored charge in EEPROM, resulting in data loss. 





5.2 Electrical Characteristics 


Supply voltage STANDBY 
Supply current STANDBY* 


Supply voltage READ * * 
Supply current READ* 
Supply voltage PROG * * 
Supply current PROG* 


*inputs at Vss or Vpp. 





** A separate data sheet will be available for 3.3 V + 10% operation. 
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MCM2814 


5.3 Electrical Characteristics 


SCL, SDA, SPISS, SPISI Inputs 


Input low voltage 
Input high voltage 
Input leakage 


SDA/SPISO Pull down Outputs 
Output low IOL <10nA 
Output high leakage 
Output low lo, = 3mA 
Vpp =5V 
Output lowlo_ = 1mA 


Vpop =3V 


SPISO Pull up Output 

Output high IOH = 1.6 mA 
Vpp =5V 

Output high IOH = 0.4mA 
Vpp =3V 


MODE, CS1, CSO Inputs 


Input low voltage 
Input high voltage 
Input leakage 


Input capacitance 


5.4 SWITCHING PARAMETERS 









5.4.1 General Characteristics 


Programming time 1 byte t pRoG p10 
Programming time 4 bytes tproG 












Typ 





Write/Erase at 0 to 70 DEG C CYW/E 


Write/Erase at ambient temperature CY W/E 


100,000 
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MCM2814 


5.4.2 Serial Bus Input 


SDA/SPISI, SCL/SPICK, SPISS Inputs 
Clock frequency 

Clock High time 

Clock Low time 

Stop to Start delay 

Start hold time 


Data hold time 
Data set-up time 
Input Rise time 
Input Fall time 
Stop set-up time 
SPISS Lead time 
SPISS Lag time 





All values refer to Vip and Vj,_ levels. 


§.4.3 Serial Bus Output 
Vpp = 5 Vdc + 10%. Ta = Oto 70°C. Cy = 200 pF. 


SDA/SPISO Outputs 


Data delay 

Rise time SDA 
Rise time SPISO 
Fall time 

SPI select time 
Disable time 


VoD = 3.3 Vdc + 10%. Ta = Oto 70°C. Cy = 200 pF. 





SDA/SPISO Outputs 


Data delay 

Rise time SDA 
Rise time SPISO 
Fall time 

SPI select time 
Disable time 





All values referred to Vj}4 and Vj, levels. 
*Depends on external pull-up resistor value. 
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MILITARY PRODUCTS 


MEMORIES 


MIL-STD-883C 


Bipolar Memories | 883C Package Type and Lead Finish 


[eves [esse [wspton Te [on [oe Ton [vc 


32 x 8-Bit ECL PROM, 17 ns 

64-Bit ECL Register File, RAM, 18 ns is oi 
256 x 4-Bit ECL PROM, 30 ns ; FA 2A 
256 x 1-Bit ECL RAM, 15 ns FA 2A 
1024 x 1-Bit RAM, Open-Collector FA 


256 x 4-Bit RAM, 3-State Output, 60 ns 

256 x 4-Bit RAM, 3-State Output, 45 ns 

256 x 4-Bit RAM, 3-State Output, 75 ns, Low Power 
1024 x 1-Bit RAM, 3-State Output 


High Speed CMOS III Cache Tag Memories 
Description 


4180-30 4K x 4 Cache Tag RAM Comparators, 30 ns 

4180-35 4K x 4 Cache Tag RAM Comparators, 35 ns 

4180-40 4K x 4 Cache Tag RAM Comparators, 40 ns | 
62300-30 4K x 4 Cache Tag RAM Comparators, 30 ns Planned 
62350-35 4K x 4 Cache Tag RAM Comparators, 35 ns Planned 


62350-40 4K x 4 Cache Tag RAM Comparators, 40 ns Planned 
62351-30 4K x 4 Cache Tag RAM Comparators, 30 ns Planned 
62351-35 4K x 4 Cache Tag RAM Comparators, 35 ns Planned 
62351 -40 4K x 4 Cache Tag RAM Comparators, 40 ns Planned 











CMOS DRAMs 883C Package Type and Lead Finish 


[enosorame—SSSCS~—~—SC“*S*~*~S~*Y 
[sores [oe tessptn Ts [seo [re | can [coe 





























511000-80 1M x 1 High Speed DRAM, Fast Page Mode, 80 ns 18 3Q90 
511000-80 1M x 1 High Speed DRAM, Fast Page Mode, 80 ns 20 3Q90 
511000-90 1M x 1 High Speed DRAM, Fast Page Mode, 90 ns 18 3Q90 
511000-90 1M x 1 High Speed DRAM, Fast Page Mode, 90 ns 20 3Q90 
511000-110 1M x 1 High Speed DRAM, Fast Page Mode, 110 ns 18 3Q90 
511000-110 1M x 1 High Speed DRAM, Fast Page Mode, 110 ns 20 3Q90 





Slow SRAMs | 883C Package Type and Lead Finish | | 883C Package Type and Lead Finish | Type and Lead Finish 


[_oewee [one [passpion Ts [seo [re [caw [ nee 


60256-100 32K x 8 Slow Static RAM, 100 ns 28 4Q90 
60256-110 32K x 8 Slow Static RAM, 110 ns 4Q90 
60256-130 32K x 8 Slow Static RAM, 130 ns 4Q90 


DSP RAMs 883C Package Type and Lead Finish 


er 


56824-35 8K x 24 DSP RAM, 35 ns Planned 
56824-40 8K x 24 DSP RAM, 40 ns Planned 
56824-45 8K x 24 DSP RAM, 45ns Planned 
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MILITARY PRODUCTS 


MEMORIES 


MIL-STD-883C 


High Speed CMOS Ill Static Memories 883C Package Type and Lead Finish 


iS eo aL —__— Sea (1 





6164-55 8K x 8 Fast Static RAM, 55 ns 
6164-55 ; 8K x 8 Fast Static RAM, 55 ns S UA 
6164-70 /B 8K x 8 Fast Static RAM, 70 ns 28 XA 
6164-70 /B 8K x 8 Fast Static RAM, 70 ns 32 UA 
6168-55 /B 4K x 4 Fast Static RAM, 55 ns 20 RA UA 
6168-70 /B 4K x 4 Fast Static RAM, 70 ns 20 RA UA 
6206-35 /B 32K x 8 Fast Static RAM, 35 ns 28 3Q90 
6206-35 /B 32K x 8 Fast Static RAM, 35 ns 32 3Q90 
6206-45 /B 32K x 8 Fast Static RAM, 45 ns 28 3Q90 
6206-45 /B 32K x 8 Fast Static RAM, 45 ns 32 3Q90 
6206-55 /B 32K x 8 Fast Static RAM, 55 ns 28 3Q90 | 
6206-55 /B 32K x 8 Fast Static RAM, 55 ns 32 3Q90 
6206-70 /B 32K x 8 Fast Static RAM, 70 ns 28 3Q90 | 
6206-70 /B 32K x 8 Fast Static RAM, 70 ns 32 | 3Q90 
6206-100 /B 32K x 8 Fast Static RAM, 100 ns : 28 3Q90 
6206-100 /B 32K x 8 Fast Static RAM, 100 ns 32 3Q90 
6264-35 /B 8K x 8 Fast Static RAM, 35 ns 28 XA | 
6264-35 /B 8K x 8 Fast Static RAM, 35 ns 32 | 3Q90 
6264-45 /B 8K x 8 Fast Static RAM, 45 ns 28 XA 
6264-45 /B 8K x 8 Fast Static RAM, 45 ns 32 3Q90 
62L64-35 /B 8K x 8 Fast Static RAM, 35 ns, Low Power | 28 XA 

| 62L64-35 /B 8K x 8 Fast Static RAM, 35 ns, Low Power 32 3Q90 
62L64-45 /B 8K x 8 Fast Static RAM, 45 ns, Low Power . 28 XA | 
62L64-45 /B 8K x 8 Fast Static RAM, 45 ns, Low Power. 32 | - | 3Q90 
6268-35 /B 4K x 4 Fast Static RAM, 35 ns 20 ; RA | 2Q90 UA 
6268-45 /B 4K x 4 Fast Static RAM, 45 ns 20 RA 2Q390 UA 
6287-35 /B 64K x 1 Fast Static RAM, 35 ns, Low Power 22 XA UA 
6287-45 /B 64K x 1 Fast Static RAM, 45 ns, Low Power 22 XA UA 
62L87-35 /B 64K x 1 Fast Static RAM, 35 ns, Low Power 22 XA UA 
62L87-45 /B 64K x 1 Fast Static RAM, 45 ns, Low Power 22 XA UA 
6288-35 /B 16K x 4 Fast Static RAM, 35 ns 22 XA UA 
6288-45 /B 16K x 4 Fast Static RAM, 45 ns 22 XA UA 
62L88-35 /B 16K x 4 Fast Static RAM, 35 ns, Low Power 22 XA UA 
62L88-45 /B 16K x 4 Fast Static RAM, 45 ns, Low Power 22 XA UA 
6290-35 /B 16K x 4 FSRAM, Chip Enable/Out Enable, 35 ns 24 LA 
6290-35 /B 16K x 4 FSRAM, Chip Enable/Out Enable, 35 ns 28 3Q90 
6290-45 /B 16K x 4 FSRAM, Chip Enable/Out Enable, 45 ns 24 LA 
6290-45 /B 16K x 4 FSRAM, Chip Enable/Out Enable, 45 ns 28 3Q90 
62L.90-35 /B 16K x 4 FSRAM, Chip Enable/Out Enable, 35 Low Power 24 LA 
62L90-35 /B 16K x 4 FSRAM, Chip Enable/Out Enable, 35 ns, Low Power | 28 3Q390 
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MILITARY PRODUCTS 


MEMORIES 


MIL-STD-883C 









High Speed CMOS lil Static Memories | 883C Package Type and Lead Finish 


62L90-45 16K x 4 FSRAM, Chip Enable/Out Enable, 45 ns, Low Power = 
























62L90-45 16K x 4 FSRAM, Chip Enable/Out Enable, 45 ns, Low Power 
6292-30 16K x 4 Synch SRAM, Transparent Output 30 ns 
6292-30 16K x 4 Synch SRAM, Transparent Output 30 ns 
6292-35 16K x 4 Synch SRAM, Transparent Output 35 ns 
























6292-35 16K x 4 Synch SRAM, Transparent Output 35 ns 


6292-40 16K x 4 Synch SRAM, Transparent Output 40 ns 
6292-40 16K x 4 Synch SRAM, Transparent Output 40 ns 
6293-30 16K x 4 Synch SRAM, Synch Output, 30 ns 


6293-30 16K x 4 Synch SRAM, Synch Output, 30 ns 

















6293-35 16K x 4 Synch SRAM, Synch Output, 35 ns 








6293-35 16K x 4 Synch SRAM, Synch Output, 35 ns 
6293-40 16K x 4 Synch SRAM, Synch Output, 40 ns 
6293-40 16K x 4 Synch SRAM, Synch Output, 40 ns 





6294-30 16K x 4 Synch SRAM, Out Reg/Out Enable, 30 ns 
























6294-30 16K x 4 Synch SRAM, Out Reg/Out Enable, 30 ns 


6294-35 16K x 4 Synch SRAM, Out Reg/Out Enable, 35 ns 
6294-35 16K x 4 Synch SRAM, Out Reg/Out Enable, 35 ns 
6294-40 16K x 4 Synch SRAM, Out Reg/Out Enable, 40 ns 





6294-40 16K x 4 Synch SRAM, Out Reg/Out Enable, 40 ns 




























6295-30 16K x 4 Synch SRAM, Transparent Output, Out Enable, 30 ns 


6295-30 16K x 4 Synch SRAM, Transparent Output, Out Enable, 30 ns 
6295-35 16K x 4 Synch SRAM, Transparent Output, Out Enable, 35 ns 
6295-35 16K x 4 Synch SRAM, Transparent Output, Out Enable, 35 ns 
6295-40 16K x 4 Synch SRAM, Transparent Output, Out Enable, 40 ns 


6295-40 





16K x 4 Synch SRAM, Transparent Output, Out Enable, 40 ns 
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MILITARY PRODUCTS 


MEMORIES 


Standard Military Drawings (SMD) 







[pecs [wo | __escrption [Pra | ou | FP | cAN | tcce | 
sas sose-anscoor [eorReomerriom@an ———=SSSC~d tw | em [mA | | 






HCMOS ill Static RAMs SMD Package Type and Lead Finish 


6164-55 
6164-55 
6164-70 
6164-70 
6168-55 


6168-70 
6206-45 
6206-45 
6206-55 
6206-55 


6206-70 
6206-70 
6206-100 
6206-100 
6264-35 


6264-45 
62L64-35 
62L64-45 
6268-35 
6268-45 


6287-35 
6287-45 
62L87-35 
62L87-45 
6288-35 


6288-45 
62L88-35 
62L88-45 
6290-35 
6290-35 


6290-45 
6290-45 
62L90-35 
62L90-35 
62L90-45 


62L90-45 


5962-8552505 
5962-8552505 
5962-8552504 
5962-8552504 
5962-8670507 


5962-8670509 
5962-8866204 
5962-8866204 
5962-8866203 
5962-8866203 


5962-8866202 
5962-8866202 
5962-8866201 
5962-8866201 
5962-8552507 


5962-8552506 
5962-8552508 
5962-8552509 
5962-8670503 
5962-8670505 


5962-8601501 
5962-8601503 
5962-8601502 
5962-8601504 
5962-8685924 


5962-8685922 
5962-8685923 
5962-8685921 
5962-8685918 
5962-8685918 


5962-8685916 
5962-8685916 
5962-8685917 
5962-868591 7 
5962-8685915 


5962-8685915 


8K x 8 Fast Static RAM, 55 ns 
8K x 8 Fast Static RAM, 55 ns 
8K x 8 Fast Static RAM, 70 ns 
8K x 8 Fast Static RAM, 70 ns 
4K x 4 Fast Static RAM, 55 ns 


4K x 4 Fast Static RAM, 70 ns 

32K x 8 Fast Static RAM, 45 ns 
32K x 8 Fast Static RAM, 45 ns 
32K x 8 Fast Static RAM, 55 ns 
32K x 8 Fast Static RAM, 55 ns 


32K x 8 Fast Static RAM, 70 ns 
32K x 8 Fast Static RAM, 70 ns 
32K x 8 Fast Static RAM, 100 ns 
32K x 8 Fast Static RAM, 100 ns 
8K x 8 Fast Static RAM, 35 ns 


8K x 8 Fast Static RAM, 45 ns 
8K x 8 Fast Static RAM, 35 ns, Low Power 
8K x 8 Fast Static RAM, 45 ns, Low Power 
4K x 4 Fast Static RAM, 35 ns 
4K x 4 Fast Static RAM, 45 ns 


64K x 1 Fast Static RAM, 35 ns 
64K x 1 Fast Static RAM, 45 ns 
64K x 1 Fast Static RAM, 35 ns, Low Power 
64K x 1 Fast Static RAM, 45 ns, Low Power 
16K x 4 Fast Static RAM, 35 ns 


16K x 4 Fast Static RAM, 45 ns 

16K x 4 Fast Static RAM, 35 ns, Low Power 
16K x 4 Fast Static RAM, 45 ns, Low Power 
16K x 4 FSRAM w/Chip Output Enable, 35 ns 
16K x 4 FSRAM w/Chip Output Enable, 35 ns 


16K x 4 FSRAM w/Chip Output Enable, 45 ns 
16K x 4 FSRAM w/Chip Output Enable, 45 ns 
16K x 4 FSRAM w/Chip Output Enable, 35 ns, 
Low Power 
16K x 4 FSRAM w/Chip Output Enable, 35 ns, 
Low Power 
16K x 4 FSRAM w/Chip Output Enable, 45 ns, 
Low Power 
16K x 4 FSRAM w/Chip Output Enable, 45 ns, 
Low Power 





2Q90 
2Q90 
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MILITARY PRODUCTS 


‘MEMORIES 


MiL-M-38510 


Bipolar Memories _ 
_ Device JM38510/ Description 


93L422 256 x 4 Bit RAM, 3-State Output, 75 ns 
256 x 4 Bit RAM, 3-State Output, 60 ns 






JAN Package Type and Lead Finish 


rine | on 
22 WA 



















93L422 
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MOTOROLA CORPORATE QUALITY GOAL 


IMPROVE PRODUCT AND SERVICES QUALITY TEN TIMES BY 1989 
AND AT LEAST ONE HUNDRED FOLD BY 1991. 


ACHIEVE SIX SIGMA CAPABILITY BY 1992. 


With a deep sense of urgency, spread dedication to quality to every facet of the 
corporation and achieve a culture of continual improvement to ASSURE TOTAL 
CUSTOMER SATISFACTION. There is only one ultimate goal: zero defects in every- 


thing we do. 


signed: 


BOB GALVIN 
Chairman 


GEORGE FISHER 
Deputy to Chief 
Executive Office 


JIM LINCICOME 
Government Electronics 
Group 


JIM NORLING 
Semiconductor Products 
Sector 


JIM DONNELLY 
Personnel 


GERHARD SCHULMEYER 


Automotive & Industrial 
Electronics Group 


BILL WEISZ 
Vice Chairman 


GARY TOOKER 
Chief to Corporate 
Staff Officer 


CARL LINDHOLM 
International 
Operations 


STEVE LEVY 
Japanese Operations 


RAY FARMER 
Communications Sector 
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JOHN MITCHELL 
President 


JACK GERMAIN 
Motorola Director 
of Quality 


LEVY KATZIR 
New Enterprises 


DON JONES 
Chief Financial 
Officer 


ED STAIANO 
General Systems 
Group 





DIVISION QUALITY STATEMENT 
MOTOROLA MOS MEMORY PRODUCTS DIVISION 


COMMITMENT TO SIX SIGMA 
WORLD CLASS 


The Memory Products Division staff are pleased to announce our commitment to be a 
World Class MOS Memory supplier. This means more bullet proof designs which can tolerate 
handling, processes at the limit and beyond, and outstanding control of the manufacturing 
processes such that the integration of the design process will result in six sigma products. 

We will accomplish this through our dedication to a continuous quality improvement cul- 
ture. This will ensure our success in reaching the Motorola Corporate goal of total customer 
satisfaction. 

Through our quality improvement process using SIX SIGMA methodology we can and will 
accomplish being the best memory supplier through WORLD CLASS product margins and ser- 
vices in their truest sense. 


ENDORSEMENTS: 


Sin Car heb, Bilt Bowen von ee 


Jim George Bud Broeker Bill Bowers Jim Eachus 


Mikes = beh = Hl HH 


Mike Parks Roger Kung Bill Pfaff 
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SIX SIGMA 







® MOTOROLA 


OUR SIX SIGMA CHALLENGE 


WHAT IS SIX SIGMA? 


Six Sigma is the required capability level to approach the 
Standard. The Standard is Zero Defects. Our goal is to be 
best-in-class in Product, Sales, and Service. 


WHY SIX SIGMA? 


The performance of a product is determined by how much 
margin exists between the process characteristics required by 
the design, and the actual value of those characteristics. These 
characteristics are produced by processes in the factory, and 
at the suppliers. 

Each process attempts to reproduce its characteristics iden- 
tically from unit to unit, but within each process some variation 
does occur. For some processes, such as those which use 
real-time feedback to control the outcome, the variation is 
quite small, and for others it may be quite large. 

Variation of the process is measured in Standard Deviations 
(Sigma) from the Mean. The normal variation, defined as pro- 
cess width, is +3 Sigma about the mean. 


10k 
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DESIGN SPECIFICATION WIDTH (SIGMA) 


Figure 1. Standard Deviations from Mean 





Approximately 2,700 parts per million parts/steps will fall 
outside the normal variation of +3 Sigma, see Figure 1. This, 
by itself, does not appear disconcerting. However, when we 
build a product containing 1,200 parts/steps, we can expect 
3.24 defects per unit (1200 x 0.0027), on an average. This 
would result in a rolled yield of less than 4%, which means 
fewer than 4 units out of every hundred would go through the 
entire manufacturing process without a defect, see Table 1. 

Thus, we can see that for a product to be built virtually 
defect-free, it must be designed to accept characteristics that 
are significantly more than +3 Sigma away from the Mean. 

It can be shown that a design that can accept twice the 
normal variation of the process, or +6 Sigma, can be ex- 
pected to have no more than 3.4 parts per million defective 
for each characteristic, even if the process mean were to shift 
by as much as +1.5 Sigma, see Figure 1. To quantify this, 
Capability index (Cp) is used, where: 


Cp= design specification width 
p= process width 


Table 1. Rolled Yield 


TOTAL ROLLED 
DEFECTS THROUGHPUT 
PER UNIT YIELD (%) 
so. eee 0.5 
46 1.0 
99 ees 2.0 
Q6 sacs 3.0 
en 4.0 
$0° -seceesies 6.0 
29° te 10 
19). eee 15 
1:6, sce. 20 
oe 25 
12° es 30 
10° ee 37 
09). sete 40 
08). ese 45 
OF, teeteecte 50 
08 eectecs 55 
0.51 --------- 60 
0.43  --------- 65 
| nee 70 
028 ~~~ 75 
027° <c 80 
0.16 --------- 85 
010). sets 90 
0.05 --------- 95 
0.00 --------- 100 


ROLLED THROUGHPUT YIELD (%)= 100 e— alu 
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A design specification width of +6 Sigma and a process Table 2. Overall Yield vs Sigma 


width of + 3 Sigma yields a Cp of 12/6 =2. However, as shown (Distribution Shifted +1.5 o) 
in Figure 2, the process mean can shift. When the process NUMBER OF $30 $40 tbo $60 
mean is shifted with respect to the design target mean, the PARTS (STEPS) (%) (%) (%) (%) 
Capability Index is adjusted with a factor k, and becomes Cpk. ox eae 93.32 99.379 99.9767. "99,99966 
Cpk=Cp(1 —k), where: 7 6163 95.733 99.839 99.9976 
10 50.08 93.96 99.768 99.9966 
k= process shift 20 25.08 88.29 99.536 + 99.9932 
design specification width/2 40 6.29 77.94 99.074 99.9864 
60 1.58 68.81 98.614 99.9796 
The k factor for +6 Sigma design with a 1.5 Sigma process 80 — 0.40 60.75 98.156 99.9728 
shift = 1.5/(12/2) =0.25, and the Cpk=2(1—0.25) = 1.5. 100 0.10 53.64 97.70 99.966 
In the same case of a product containing 1,200 parts/steps, 180 -. 39.38 96.61 99.949 
we would now expect only 0.0041 defects per unit ss = aye ce aa 
(1200 x 0.0000034). This would mean that 996 units out of 400 _ 8.28 91.11 99.864 
1,000 would go through the entire manufacturing process with- 500 5 4 Ad 89.02 99.830 
out a defect (see Table 2). 600 te 2.38 86.97 99.796 
It is our five year goal to achieve +6 Sigma capability in 700 Sy 1.28 84.97 99.762 
Product, Sales, and Service. 800 -_ 0.69 83.02 99.729 
900 - 0.37 81.11 99.695 
1000 _ 0.20 79.24 99.661 
1200 - 0.06 75.88 99.593 
3000 —- _ 50.15 - 98.985 
17000 _ ~ 0.02 94.384 
38000 - _ _ 87.880 
70000 - ~ _ 78.820 
150000 - _ - 60.000 
MEAN 


‘e"e*a*e"e' 







NUMEROUS DEFECTS 
(6210 PPM) 


NUMEROUS DEFECTS 
(6210 PPM) 






PART OR PROCESS 
VARIATION 






-~60 -5¢0 -40 -30 -20 -1¢a 0 10 20 30 4a 50 60 
<< +FOUR SIGMA DESIGN SPECIFICATION WIDTH» 


Figure 2a. Four Sigma Capability 


MEAN 









VIRTUALLY vera 
ZERO DEFECTS Sao 
(3.4 PPM) BPART OR PROCESS (3.4 PPM) 







satcatuetentetentcatstta sets taw ins mpMrarescearctsvatceatoteea’otetonsasotneatonetatocecstonevaretetatenetetanerevatensearoncrerencterareneroneseuarencnetarsnerereseresenmressaesteoarserenstersacteronecetMgetsteneicatcceteriatioenentatetensreetets 
we, are 
ROA Sith CRAGO 





-60 -50 -40 -30 -20 -lo 0 lo 20 30 4a 50 Bo 
fe + SIX SIGMA DESIGN SPECIFICATION WIDTH a eae 


Figure 2b. Six Sigma Capability 
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QUALITY MONITORING 


Average Outgoing Quality (AOQ) refers to the number of 
devices per million that are outside specification limits at the 
time of shipment. Motorola has continually improved its out- 
going quality, and has established a goal of zero defects. This 
level of quality will lead to vendor certification programs with 
many of our customers. The program ensures a certain level 
of quality, thus allowing a customer to either reduce or elim- 
inate the need for incoming inspections. 

By paying strict attention to quality at an early stage, the 
possibility of failures occurring further down the line is greatly 
minimized. Motorola’s electrical parametric testing eliminates 
devices that do not conform to electrical specification. Ad- 
ditional parametric testing on a sample basis provides data for 
continued improvement. 


AVERAGE OUTGOING QUALITY (AOQ) CALCULATION 


AOQQ in PPM = (Process Average) 
«(Lot Acceptance Rate) «(106) 


Process Rok 9 = 1otal Projected Reject Devices* 
9°=~~~Total Number of Devices 


Projected Reject Devices = eet Sam e 


eLot Size 


Total Number of Devices = Sum of all the units in each 
submitted lot 


_ Number of Lots Rejected — 


Lot Acceptance Rate =1 Number of Lots Tested 


106 = Conversion to parts per million (PPM) 


MARKING PERMANENCY, HERMETICITY, AND 
SOLDERABILITY MONITORS 


Marking permanency testing is performed per Motorola 
specification. The procedure involves soaking the device in 
various solvents, brushing the markings, and then inspecting 
the markings for legibility. 

Hermeticity monitoring includes tests for both fine and gross 
leaks in the hermetic package seal. 

Solderability testing is used to ensure that device leads can 
be soldered without voids, discoloration, flaking, dewetting, 
or bridging. Typically, the test specifies steam preconditioning 
followed by a 235° to 260°C solder dip and microscope in- 
spection of the leads. 


RELIABILITY MONITORING 


Motorola recognizes the need to monitor established MOS 
Memory products to maintain the level of quality and reliability 
demonstrated through the internal and joint qualification pro- 
cesses. Motorola maintains a system of monitor programs that 
provide monthly feedback on the extensive matrix of Motorola 
fabrication, assembly, and testing technologies that produce 
our products. As with qualification activity, great care is taken 
to assure the accuracy and quality of the data generated. 


* All rejects: visual, mechanical, and electrical (dc, ac, and high/low 
temperature). 


RELIABILITY STRESS TESTS 


The following summary gives brief descriptions of the var- 
ious reliability tests included in both reliability qualification and 
monitor programs. Not all of the tests listed are performed by 
each program and other tests can be performed when appro- 
priate. Refer to Table 3. 


Table 3. Stresses and Typical Stress Conditions 


High Temperature Operating Life, 125°C, 6.0 V 
Dynamic or Static 
| Temperature Cycle —65°C to + 150°C 
Air to Air 
Thermal Shock —65°C to + 150°C 


Liquid to Liquid 
Temperature Humidity Bias 85°C, 85% RH, 5.0 V 
121°C, 100% RH, 15 psig 


Pressure Temperature Humidity 148°C, 90% RH, 
Bias 


44 psig, 5.0 V 


Low Temperature Operating Life _0°C/25°C, 6.0 V 


HIGH TEMPERATURE OPERATING LIFE 


High temperature operating life (HTOL or HTRB) testing is 
performed to accelerate failure mechanisms that are thermally 
activated through the application of extreme temperatures and 
the use of biased operating conditions. The temperature and 
voltage conditions used in the stress will vary with the product 
being stressed. However, the typical stress ambient is 125°C 
with the bias applied equal to or greater than the data sheet 
nominal value. All devices used in the HTOL test are sampled 
directly after final electrical test with no prior burn-in or other 
prescreening unless called out in the normal production flow. 
Testing can either be performed with dynamic signals applied 
to the device or in a static bias configuration. 











Typical Stress Condition 


TEMPERATURE CYCLE 


Temperature cycie testing accelerates the effects of thermal 
expansion mismatch among the different components within 
a specific die and packaging system. This test is typically 
performed per MIL-STD-883 or MIL-STD-750 with the mini- 
mum and maximum temperatures being — 65°C and + 150°C. 
During temperature cycle testing, devices are inserted into a 
cycling system and held at the cold dwell temperature for at 
least ten minutes. Following this cold dwell, the devices are 
heated to the hot dwell where they remain for another ten 
minute minimum time period. The system employs a circulating 
air environment to assure rapid stabilization at the specified 
temperature. The dwell at each extreme, plus the two transition 
times of five minutes each (one up to the hot dwell temper- 
ature, another down to the cold dwell temperature), constitute 
one cycle. Test duration for this test will vary with device and 
packaging system employed. 


THERMAL SHOCK 


The objective of thermal shock testing is the same as that 
for temperature cycle testing—to emphasize differences in 
expansion coefficients for components of the packaging sys- 
tem. However, thermal shock provides additional stress in that 
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the device is exposed to a sudden change in temperature due 
to the transfer time of ten seconds maximum as well as the 
increased thermal conductivity of a liquid ambient. This test 
is typically performed per MIL-STD-883 or MIL-STD-750 with 
the minimum and maximum temperatures being — 65°C and 
+ 150°C. Devices are placed in a fluorocarbon bath and cooled 
to minimum specified temperature. After being held in the cold 
chamber for five minutes minimum, the devices are transferred 
to an adjacent chamber filled with fluorocarbon at the maxi- 
mum specified temperature for an equivalent time. Two five- 
minute dwells plus two ten-second transitions constitute one 
cycle. 


TEMPERATURE HUMIDITY BIAS 


Temperature humidity bias (THB or H3TRB) is an environ- 
mental test performed at a temperature of 85°C and a relative 
humidity of 85%. The test is designed to measure the moisture 
resistance of plastic encapsulated circuits. A nominal static 
bias is applied to the device to create the electrolytic cells 
necessary to accelerate corrosion of the metallization. 


AUTOCLAVE 


Autoclave is an environmental test which measures device 
resistance to moisture penetration and the resultant effects of 
galvanic corrosion. Conditions employed during the test in- 
clude 121°C, 100% relative humidity, and 15 psig. Corrosion 
of the die is the expected failure mechanism. Autoclave is a 
highly accelerated and destructive test. 


PTHB (PRESSURE-TEMPERATURE-HUMIDITY-BIAS) 


This test is performed to accelerate the effects of moisture 
penetration with the dominant effect being corrosion. The test 
detects similar failure mechanisms as THB but at a greatly 
accelerated rate. Conditions usually employed during the test 
are a temperature of 148°C, pressure of 44 psig or greater, a 
relative humidity of 90%, and a bias level which is the nominal 
rating of the device. 


LOW TEMPERATURE OPERATING LIFE 


This test is performed primarily to accelerate hot carrier 
injection effects in semiconductor devices by exposing them 
to room ambient or colder temperatures with the use of biased 
operating conditions. Threshold shifts or other parametric 
changes are typically the basis for failure. The length of this 
test will vary with temperature and bias conditions employed. 


SYSTEM SOFT ERROR 


System soft error is designed to detect errors caused by 
impact ionization of silicon by high energy particles. This stress 
is performed on a system level basis. The system is operated 
for millions of device hours to obtain an accurate measure of 
actual system soft error performance. 


MECHANICAL SHOCK 


This test is typically performed per MIL-STD-883 or MIL- 
STD-750 and is used to examine the ability of the device to 
withstand a sudden change in mechanical stress typically due 
to abrupt changes in motion as seen in handling, transpor- 
tation, or actual use. The typical test condition would be as 
follows: acceleration = 1500 g, orientation= Y1 plane, t=0.5 
ms, and number of pulses =5. 


VARIABLE FREQUENCY VIBRATION 


This test is typically performed per MIL-STD-883 or MIL- 
STD-750 and is used to examine the ability of the device to 
withstand deterioration due to mechanical resonance. The typ- 
ical test condition is: peak acceleration=20 g, frequency 
range = 20 Hz to 20 kHz, and t=48 minutes. 


CONSTANT ACCELERATION 


This test is typically performed per MIL-STD-883 or MIL- 
STD-750 and is used to indicate structural or mechanical weak- 
nesses in a device/packaging system by applying a severe 
mechanical stress. A typical test condition used is as follows: 
stress level = 30 kg, orientation = Y1 plane, and t=1 minute. 


QUALITY SYSTEMS 


A Global Quality System is key to achieving our goal of 
“Best In Class’’. Quality systems are implemented in wafer 
fabrication, assembly, final test, and distribution world wide. 
Figure 3 depicts Quality Assurance involvement and the tech- 
niques applied in the general flow of product and Figure 4 
shows Memory Manufacturing locations world wide. 


QUALITY ASSURANCE TECHNIQUES 
SAMPLING | SPC | MONITOR | AUDIT 


Figure 3. General Product Flow 
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Direct Customer interaction ensures the receipt of product 
that meets all of their requirements 100% of the time. In fact, 
the MOS Memories Reliability and Quality Assurance depart- 
ment has devised a customer advocate list that assigns key 
Reliability and Quality Assurance personnei to specific cus- 
tomers in order to facilitate any inquiry regarding quality, re- 
liability, or any other issue they may want to discuss. 

All processes and procedures that relate to the manufac- 
turing of MOS Memories are fully documented, and regular 
audits are performed to ensure continuous adherence to proper 
procedures. We are always striving to produce and reproduce 
the highest quality product available throughout the world. 

MOS Memory Products Division promotes the concept of 
statistical process controls throughout the entire manufactur- 
ing process. This is exemplified by our commitment to in-depth 
statistical process control training programs for everyone— 
from the line operator to upper management. Favorable results 
have already been realized from the initial phases of imple- 
mentation, with much more to follow. 
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Figure 4, Wafer Fab/Assembly/Final Test Locations 


The MOS Memory Products Division maintains a World 
Wide Quality Assurance system that is second to none. Daily 
status reports are received from remote locations, and any 
problems that arise are tackled on a timely basis. The MOS 
Memory Products Division is also a leader in accurate and 
efficient methods of quality data collection and reporting. 

Every unit that the MOS Memory Products Division pro- 
duces is coded so that complete traceability is maintained, 
including visibility to the wafer and assembly lot level. The 
Quality System ensures that we can provide any specific pro- 
cessing information to our customers on request. 


INTERNAL QUALIFICATION DISCIPLINE 


Motorola recognizes the need to establish that ali MOS 
Memory devices, both new products as well as existing ones, 
reach and maintain a level of quality and reliability that is 
unsurpassed in the electronics marketplace. To ensure this, 
internal qualification requirements, procedures, and methods 
as well as vendor qualification specifications have been de- 
veloped. These activities are intended to provide a consistent, 
comprehensive, and methodical approach to device qualifi- 
cation and to improve our customer’s understanding of 
Motorola’s qualification results and their subsequent appli- 
cation implications. 

For qualification results to be valid and acceptable, the col- 
lected data must be proven accurate to the highest possible 
confidence level. Therefore, a complete device history and 
data log is kept with any lost or missing data potentially leading 
to test results that are unusable for qualification purposes. 
Testing conditions and pass/fail criteria are established before 


stressing begins. Strict adherence to these criteria and the use . 


of control devices insure that the test results are valid and 
meaningful. . 3 
New MOS Memory devices which are under development 
or in the prototype stage are subject to requirements defined 
for the three levels of the development cycle. These levels are 
the alpha, beta, and introductory phases of device develop- 
ment. Each phase contains guidelines and controls concerning 


issues such as device labeling, number of customers, sample 
quantities, pricing and stocking levels, and open-order-entry 
timing. Decisions regarding these items are made jointly by 
marketing, design, product, and reliability personnel. 


JOINT QUALIFICATION 


As a result of the rigorous discipline used for internal qual- 
ification of Motorola MOS Memory products, our customers 
can benefit from joint qualification activities. Motorola’s clearly 
defined qualification procedures improve the customer’s ability 
to comprehend the qualification results in an effective manner 
which aides in their qualification decision making process. 
Through parallel qualification activities between Motorola and 
its customers, this procedure can cut qualification costs by | 
reducing duplication of effort, improving resource utilization, 
and shortening introduction cycle time. This helps to ensure 
competitive edge advantages for our customers. 

Joint Qualification activities result in a partnership type of 
interaction between Motorola and its customers on an engi- 
neering level. This assists our customers in two critical areas. 
First, it allows them to understand more clearly the strengths 
and weaknesses of Motorola's products. Secondly, our cus- 
tomers can make clear decisions concerning which stresses 
they need to concentrate on during their internal qualification 
activities. 


HISTORICAL PERFORMANCE 


Over the course of the last five years, significant achieve- 
ments have been made on quality and delivery performance. 
The Six Sigma methodology will assist the MOS Memory 
Products Division in pursuit of our standard of zero defects 
and 100% on time delivery. 

Figure 5 indicates the product Average Outgoing Quality 
performance as measured in parts per million. 

As of October 1988 our average outgoing quality was below 
50 parts per million. We are striving to reach Six Sigma. 
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1988 MALCOLM BALDRIGE 
NATIONAL QUALITY AWARD 


Motorola won the first Malcolm Baldrige National Quality 
Award. The award recognizes the achievements of U.S. man- 
ufacturing and service companies. The award was established 
in 19887 to promote quality awareness, recognize the achieve- 
ments of U.S. companies, and publicize successful quality 
strategies. Our quality process was examined for corporate 


quality leadership, information and analysis, planning, human 
resource utilization, quality assurance, quality improvement 
results, and Customer Satisfaction. Our fundamental objec- 
tive—Everyone’s overriding responsibility is Total Customer 
Satisfaction. Six Sigma Quality is a key initiative for the 
achievement of our fundamental objective. 
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DRAM Refresh Modes 


DRAMs offer the lowest cost per bit of any memory, and 
for that reason are enormously popular in a wide range of 
applications. This low cost per bit is achieved with a very simple 
bit cell design, among other things, but rooted in this simplicity 
are some inherent drawbacks. One major limitation is the need 
to refresh each memory bit at regular intervals. This note 
discusses what refresh is, the reasons refresh is required for 
DRAM operation, and the various types of refresh available 
on the Motorola 1M x 1 and 256K x 4 DRAMs. Specific com- 
ments refer to the 1M x 185-ns DRAM. Refer to specific device 
data sheets for analogous information on other devices. 

The heart of any memory device is the bit cell. A 1M DRAM 
has 1,048,576 of these cells in the memory array. Each cell 
holds a single bit of information in the form of a high or low 
voltage, where high voltage = a binary ‘’1”’ and low voitage = a 
binary ‘0’. The DRAM bit cell consists of one transistor and 
one capacitor. The transistor acts as a switch, regulating when 
the capacitor will charge and discharge, while the capacitor 
stores a high or low voltage charge. 

All capacitors leak over time, slowly losing the charge stored 
in them, regardless of how carefully they are constructed. 
Junction and dielectric leakage are two capacitor discharge 
paths that are characteristic of the DRAM bit cell, and both 
are affected by temperature. The capacitor in the bit cell can 
hold a small charge, on the order of 35-125 fF (fF = 1x 10-15 
farads). As this charge dissipates through leakage paths, the 
small difference between a “1”’ and a “‘0”’ diminishes. If nothing 
is done to restore the charge on the capacitor to its initial 
value, the sensing circuitry on the DRAM will eventually be 
unable to detect a charge difference and will read the cell as 
a “0”. 

Thus, ail the capacitors in the memory array must be pe- 
riodically recharged, or refreshed. Refresh is accomplished by 
accessing each row in the array, one row at a time. When a 
row is accessed, it is turned on, and voltage is applied to the 
row, recharging each capacitor on the row to its initial value. 
Specified refresh time on the 1M x 1 DRAM is 8 milliseconds; 
every row must be recharged every 8 milliseconds. This is a 
vast improvement over refresh times required for earlier gen- 


erations of DRAMs. The 16K x 1 DRAM required refresh every — 


2 milliseconds, the 256K x 1 DRAM requires a refresh every 4 
milliseconds. Longer refresh times mean more time available 
for access to memory, and less time required to refresh the 
device. 

Design and operation of the DRAM allow only one row to 
be refreshed at a time; 512 refresh cycles are required to refresh 
the entire 1Mx1 memory array. The array is actually 1024 
rows by 1024 columns, but it operates electrically like two half 
arrays of 512 rows by 1024 columns. During refresh, every row 
is treated as if it runs through both halves of the array, re- 
freshing 2048 column locations (bit cells) per row. This design 
results in fewer refresh cycles required to recharge the entire 
array, since only 512 rows need to be accessed, rather than 
1024. 


AN987 


Refresh can be performed in either a single burst of 512 
consecutive refresh cycles (one cycle per row) every 8 milli- 
seconds, or distributed over time, one refresh cycle every 15 
microseconds (8 milliseconds per 512 rows= 15.6 microse- 
conds per row) on average, or some combination of these two 
extremes. As long as every row is refreshed within 8 millise- 
conds, the actual method used is best determined by system 
use of the DRAM. The burst takes 84 microseconds to com- 
plete (165 nanoseconds per row x 512 rows for 85 nanoseconds 
per device). During this burst refresh time, no memory op- 
erations can be performed on the device. Distributed refresh 
disables memory access for 165 nanoseconds every 15 
microseconds. 

The 1Mx1 DRAM can be refreshed in three ways: RAS 
only refresh, CAS before RAS refresh, and hidden refresh. In 
addition, any normal read or write refreshes ail 2048 bit cells 
on the row accessed. Regardless of the refresh method used, 
the time required to refresh one row is the random read or 
write (RAS) cycle time (tac). When operating the device in 
page, nibble, or static column mode, only the row being ac- 
cessed is refreshed. The device must be in normal random 
mode to utilize any of these specific refresh methods. 

RAS only refresh requires external row counters, to ensure 
all rows are refreshed within the specified time, and externally- 
supplied row addresses. CAS before RAS relies on internal 
row counters and internally generates the address of the next 
row to be refreshed. Hidden refresh is a variation on CAS 
before RAS refresh that holds valid data at the output while 
refresh is occurring. Whenever the device is in a refresh cycle, 
neither a read nor a write operation can be performed. Hidden 
refresh allows the device to be read ahead of refresh, then 
holds the valid data at the output while refresh cycles are in 
progress. It appears that the refresh is hidden among data 
cycles because valid data is maintained at the output. 

RAS only refresh is performed by supplying row addresses 
A0-A8 and completing a RAS cycle (tc); switching RAS 
from inactive (high) to active (low), holding RAS low (tras), 
then switching back to high, and holding RAS high (trp). A9 
is ignored during RAS only refresh, since this address normally 
determines which half of the array is to be accessed. CAS 
must be held high through this RAS cycle, hence the name 
RAS only refresh. An external row counter is required for this 
refresh method. See Figure 1. | 

CAS before RAS refresh is performed by switching CAS 
from high to low while RAS is high, then switching RAS low 
(tcsR). This reversal of the usual clock order activates an 
internal row counter that generates addresses to be refreshed; 
external addresses are ignored in this cycle. CAS must be held 
low (tcHR) after RAS transitions to low. After that time it can 
either be held low or switched to high. See Figure 2. The CAS 
before RAS refresh counter test, specified on all DRAM data 
sheets that offer this type of refresh, is used to check for 
proper operation of the internal row counters and correct ad- 
dress generation. 
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DRAM REFRESH MODES (AN987) 


Hidden refresh is a CAS before RAS refresh that has been 
initiated during a read or write operation. At the end of a 
typical read cycle, CAS would be switched to high before RAS, 
turning off the output. In a hidden refresh cycle, RAS is 
switched to high, concluding the RAS cycle (tr¢), while CAS 
is held low. RAS is held high (trp), then switched low, be- 
ginning another RAS cycle. As long as CAS is held low, data 
is valid at the output, resulting in a long read cycle. Since data 
can be read while the device is being refreshed, the refresh 
operation(s) appears to be hidden by the read cycle. The same 
refresh can be performed after a write cycle is initiated. This 





method of refresh allows refresh cycles to be mixed within 
read and write cycles. During the refresh cycle, a write op- 
eration cannot be performed. See Figure 3. 

Refresh is an integral and necessary part of DRAM opera- 
tion. Substantial improvement has been made in increasing 
the time between refresh cycles, but as long as the bit cell 
design utilizes a capacitor, periodic recharging will be required. 
Three methods of refresh are available on the 1M x 1 DRAM: 
RAS only, CAS before RAS, and hidden refresh. The Motorola 
1M x 1 and 256K x 4 will work in virtually all systems as a result 
of flexibility provided by this assortment of refresh methods. 
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Figure 2. CAS Before RAS Refresh Cycle 


MEMORY 
CYCLE 


>) 
(7) 


H— 
L-— 


tRC 


eo Pe. 


tRC ‘Rc 


REFRESH REFRESH 
CYCLE CYCLE 





Figure 3. Hidden Refresh Cycle 





MOTOROLA MEMORY DATA 


13-3 





MOTOROLA 
= SEMICONDUCTOR ——— eee 


APPLICATION NOTE 





AN986 


Page, Nibble, and Static Column Modes: High- 
Speed, Serial-Access Options on 1M-Bit+ DRAMs 


The 1M-bit and higher density DRAMs offered by Motorola, 
in addition to operating in a standard mode at advertised access 
times, have special operating modes that will significantly de- 
crease access time. These are page, nibble, and static column 
modes. All three modes are available in the 1M x 1 configu- 
ration; page and static column modes are also available on the 
256K x 4 configuration. Read, write, and read-write operations 
can be mixed and performed in any order while these devices 
are operating in either random or special mode. 

The comments that follow refer specifically to successive 
read operations for page, nibble, and static column modes on 
the 1M x 1 device. The read operation is chosen for sake of 
simplicity in illustrating these special operating modes. How- 
ever, decreased access times will occur for all operations, 
performed in any order, when the device is operated in any 
of these modes. General operating comments apply to the 
256K x 4 device as well. 

All of these special operating modes are useful in applica- 
tions that require high-speed serial access. Typical examples 
include video bit map graphics monitors or RAM disks. Page 


mode is the standard, available since the days of the 16K x 1 
DRAM. Static column is the latest mode to be made available 
on DRAMs, and nibble mode first appeared somewhere in 
between. Page and static column offer the same column lo- 
cation access, but operate somewhat differently. Nibble is 
unlike either of the other modes, but faster than both in its 
niche. All modes are initiated after a standard read or write is 
performed. 

Page and static column modes allow access to any of 1024 
column locations on a specific row, while nibble allows access 
to a maximum of four bits. The location of the first bit in nibble 
mode determines the other bits to be accessed. Nibble mode 
allows the fastest access of the three devices (tNcac), all 
other parameters held equal, at about 1/4 the standard (tRAc) 
rate. Page and static column access times (tcac, ta,) are, 
respectively, about 1/3 and 1/2 the standard rate. 

Cycle time is a better indicator of relative speed improve- 
ment, since it measures the minimum time between any two 
successive reads. Cycle time is approximately 1/4 for nibble 
and 1/3 for page and static column modes, with respect to a 


Table 1. Operating Characteristic Comparison 





Access Time (ns)* 


Cycle Time (ns)* 


Time to Read 1024 Unique Bits (ns)* 
*Values for a 1M x 1 85-ns device. 
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CAS or CS** 
Addresses 


[Time to Read 4Bitsins* | 285 || 285 | 
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Cycle 
Active 













51,235 


*#CS on Static Column. 


Page: 4 bit reaad= tract 3tpc 

1024 bit read= trac + 1023tpc 
Nibble: 4 bit read=tRact+3tnc 

1024 bit read = 256+(trac + 3tnc + trp) 
Static Column: 4 bit reaad=trac+3tsc 

1024 bit read = trac + 1023tsc 
Random: 4 bit read=4tac 


1024 bit read = 1024trac 
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random cycle time of 165 nanoseconds. When operated in 
these high-speed modes, users will typically access most or 
all of the bits available to that mode, once the mode has been 
initiated. Thus the best measure of speed for nibble mode is 
the rate at which four bits are read, while the rate at which 
1024 bits are read is the best measure of page or static column 
mode. When the actual operating conditions are considered, 
as described elsewhere, the difference between tc AC, tNCAC. 
and taA measurements hold relatively little significance. 

Page mode is slightly more difficult to interface in a system 
than static column mode due to extra CAS pulses that are 
required in page mode. Static column generates less noise 
than page mode, because output buffers and CS are always 
active in this mode. Noise transients, generated every time 
CAS is cycled from inactive to active, are thus eliminated in 
the static column mode. 


PAGE MODE 


Page mode allows faster access to any of the 1024 column 
locations on a given row, typically at one third the standard 
(tRAC) rate for randomly-performed operations. Page mode 
consists of cycling the CAS clock from active (low) to inactive 
(high) and back, and providing a column address, while holding 
the RAS clock active (low). A new column location can be 
accessed with each CAS cycle (tpc). 

Page mode is initiated with a standard read or write oper- 
ation. Row address is latched by the RAS clock transition to 
active, followed by column address and CAS clock active. 
Performing a CAS cycle (tpc) and supplying a column address 
while RAS clock remains active constitutes the first page mode 
cycle. Subsequent page mode cycles can be performed as 
long as RAS clock is active. The first access (data valid) occurs 
at the standard rate (tRAC). All of the read operations in page 
mode following the initial operation are measured at the faster 
rate (tCAC), provided all other timing minimums are maintained 
(see Figure 1a). Page mode cycle time determines how fast 
successive bits are read (see Figure 1b). 


NIBBLE MODE 


Nibble mode allows serial access to two, three, or four bits 
of data at a much higher rate than random operations (tRAC). 
Nibble mode consists of cycling the CAS clock while holding 
the RAS clock active, like page mode. Internal row and column 





PAGE, NIBBLE, AND STATIC COLUMN MODES .... (AN986) 


address counters increment at each CAS cycle, thus no ex- 
ternal column addresses are required (unlike page or static 
column modes). After cycling CAS three times in nibble mode, 
the address sequence repeats and the same four bits are ac- 
cessed again, in serial order, upon subsequent cycles of CAS: 


00, 01, 10, 11, 00, 01, 10, 11,... 


Nibble mode operation is initiated with a standard read or 
write cycle. Row address is latched by RAS clock transition 
to active, followed by column addresses and CAS clock. Per- 
forming a CAS cycle (tc) while RAS clock remains active 
constitutes the first nibble mode cycle. Subsequent nibble 
mode cycles can be performed as long as the RAS clock is 
held active. The first access (data out) occurs at the standard 
rate (tRAC). All of the read operations in nibble mode following 
the initial operation are measured at the faster rate (tycac), 
provided all other timing minimums are maintained (see Fig- 
ure 2a). Nibble mode cycle time determines how fast succes- 
sive bits are read (see Figure 2b). 


STATIC COLUMN MODE 


This mode is useful in applications that require less noise 
than page mode. Output buffers are always on when the device 
is in this mode and CS clock is not cycled, resulting in fewer 
transients and simpler operation. It allows faster access to any 
of the 1024 column addresses on a given row, typically at half 
the standard (trac) rate for randomly performed operations. 
Static column consists of changing column addresses while 
holding the RAS and CS clocks active. A new column location 
can be accessed with each static column cycle (tsc). 

Static column mode operation is initiated with.a standard 
read or write cycle. Row address is latched by RAS clock 
transition to active, followed by column addresses and CS 
clock. Performing an address cycle (tsc) while RAS and CS 
clocks remain active constitutes the first static column cycle. 
Subsequent static column cycles can be performed as long as 
the RAS and CS clocks are held active. The first access (data 
out) occurs at the standard (tRAc) rate. All of the read op- 
erations in static column following the initial operation are 
measured at the faster rate (ta), provided all other timing 
minimums are maintained (see Figure 3a). Static column cycle 
time determines Jhow fast successive bits are read (see Fig- 
ure 3b). 
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Figure 3a. Static Column Mode Read Cycle 
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Pseudo Static RAM Simplifies 
Interfacing With Microprocessors 


INTRODUCTION 


This application note describes Motorola’s 128Kx8 pseudo 
static RAM (PSRAM), the MCM518128, and its implementa- 
tion in an MC68000 microprocessor system. PSRAMs provide 
the low cost, high density memory of a dynamic RAM (DRAM), 
while also having the byte wide I/O and non-multiplexed ad- 
dressing of a static RAM (SRAM). Since the PSRAM uses the 
same bit cell structure as a DRAM, the normal memory opera- 
tion must be periodically interrupted so that the memory array 
can be refreshed. 


PSRAM OPERATION 


Refresh Modes 


For the MCM518128, refreshing is accomplished by ac- 
cessing each one of the 512 rows of the array, one row ata 
time. Each row must be accessed every 8 milliseconds to en- 
sure data integrity. Motorola’s MCM518128 PSRAM features 
three different refresh modes: chip enable only refresh, auto 
refresh, and self refresh. 

The chip enable only refresh occurs any time a valid row 
address (AO-A8) is present and the device switches from 
standby to active for a period of one chip enable pulse width 
(tCE), see Figure 1. Therefore, any time a read or write occurs, 
a row is refreshed when the chip enable transition latches in 
the address. This makes chip enable refresh useful for a dis- 
tributed refresh operation. By accessing a different row every 
15.6 microseconds (8 milliseconds per 512 rows), the entire 
array is refreshed. 

The auto refresh occurs when the part is disabled by either 
E1 going high or E2 going low and then toggling the refresh pin 
F (see Figure 2). Each time the refresh pin toggles, an internal 
row address counter is incremented, and a new row is re- 
freshed. This makes the auto refresh mode suitable for a burst 
refresh operation, wherein the entire array is refreshed at one 
time by clocking F 512 times. The auto refresh mode of the 
PSRAM is most versatile in that a distributed refresh can also 
be performed. If every 15.6 microseconds the device is placed 
in standby and F is clocked once, the refresh requirements of 
the PSRAM can be met. The advantage of auto refresh over 
chip enable only refresh is that no addresses need be 
supplied, addresses are kept track of by the internal counter. 
All timing parameters associated with the auto refresh mode 
must be kept for proper device operation. A burst refresh of the 
entire array would be accomplished in 66.7 microseconds 
((RED+512 rowsxteC+tRHc). A distributed refresh of a single 
row is accomplished in 185 nanoseconds (tRFD+tFC+tRHC). 


The self refresh occurs if the device is in the standby mode 
for more than 8 microseconds (tFAs), and the F pin is clocked 
low atime tRFp after the device is initially disabled (see Figure 
3). The device will not change from standby to self refresh un- 
less this F transition occurs. After tFas, an internal clock starts 
and a refresh cycle is performed approximately every 150 mi- 
croseconds. This makes the self refresh ideal for long standby 
periods, as would occur during a battery backup. To refresh the 
entire array during a self refresh takes 76.8 milliseconds 
(tRED+tFAS+512 rowsx150 microseconds+tFRS+tRHC). 


Read and Write Operations 


During read and write operations, the chip enables of the 
PSRAM must latch in the valid address. This differentiates the 
pseudo static RAM from a fully static RAM. The E1 and E2chip 
enable pins of the PSRAM are therefore analogous to RAS 
and CAS of aDRAM. But unlike a DRAM, the PSRAM has sep- 
arate row and column address pins, so the address is latched 
in with a single chip enable transition. For this reason, the read 
operation of the PSRAM is comparable to the page mode oper- 
ation of the DRAM (see Figure 4). During the write operation 


_of the PSRAM, the chip enables operate in the same manner 


as they did for the read operation (see Figure 5). 


PSRAM SYSTEM CONFIGURATION 


Figure 6 shows the conceptualized system interface be- 
tween an MC68000 microprocessor and four banks of 
MCM518128 PSRAMs that provide a one megabyte deep sys- 
tem architecture. This system is interfaced much as if it were 
using DRAMs for the memory, except that the costly DRAM 
controller is not necessary. The logic necessary for the timing 
controller and refresh timer is also simpler ina PSRAM system 
than ina DRAM system. Since the state machines used in this 
logic will vary greatly depending on the specific system appli- 
cation, it is left to the users to design according to their own 
needs. 


Bank Select 


In the system illustrated, addresses A17 and A18 generate 
the chip enable signals going to the E2 pin of each bank. Chip 
enable E1 is tied active low in the system shown, with E2 con- 
trolling the memories. The upper and lower data strobes UDS 
and LDS are used in generating the W signals for writing data 
to the upper and lower byte. The output enable signal G, in 
combination with the chip enable signals, selects the bank be- 
ing read. 
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The bank select and timing controller can be made using 
programmable logic sequencers and arrays for system flexibil- 
ity. Figure 6 is drawn to illustrate that the same PAL could be 
used for both the bank select and timing controller, but the 
number of actual devices used to construct the logic will vary 
depending on the depth of the memory and the complexity of 
the state machines. 


Refresh Timer 


The refresh timer signals the timing controller whenever it is 
time to execute a refresh cycie by means of the refresh request 
signal REFREQ. The PSRAM must have each of its 512 rows 
refreshed every 8 milliseconds which implies that a row must 
be accessed every 15.6 microseconds for a distributed re- 
fresh, or a minimum of 66.7 microseconds for a burst refresh. 
Therefore, during a distributed refresh, using a 12.5 MHz sys- 
tem clock, the refresh timer requires a division factor of 195 to 
minimize the time the processor is in a wait state. 

During a distributed refresh, the REFREQ signal is gener- 
ated every 195 clock cycles and remains active low until the re- 
fresh complete signal RFC is returned by the timing controller. 
The division factor will have to be adjusted accordingly if differ- 
ent clock rates or memory sizes are used. The logic can be 
simplified if the refresh is done more frequently, but on a 2 
clock cycle, such as 128. It is important that the refresh timer 
not stop, so that the 8-millisecond PSRAM refresh require- 
ment is maintained. 

The refresh timer is most easily realized using an inexpen- 
sive 8-bit counter, but programmable logic may also be utilized 
depending on the system requirements. 


Timing Controller 


The timing controller arbitrates between the memory refresh 
cycles and the microprocessor access cycles. Inthe illustrated 
system, it also toggles the refresh pin F for use of the auto re- 
fresh mode, although this could also be accomplished by 
means of a separate timer/counter. The timing controller also 
transmits the chip enable signals from the bank select. During 
a refresh cycle, the timing controller will manipulate the chip 
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enables in a manner appropriate to the refresh mode being 
employed. 

For memory/MPU arbitration, the timing controller is a state 
machine, achievable through the use of a programmable se- 
quencer. When the REFREQ signal is received from the re- 
fresh timer, the timing controller will perform a refresh immedi- 
ately, if the MPU is not in the middle of an access cycle. If the 
MPU is performing an access cycle, the refresh is delayed until 
the access cycle is complete. If the MPU attempts an access 
during the refresh cycle, an internal register in the timing con- 
troller is set, and the access is made as soon as the refresh 
cycle is complete. 

The address strobe signal AS from the MPU tells the timing 
controller that an access has been requested. An unused high 
order address could also be used to inform the timing controller 
whether the access cycle is a memory access or an I/O ac- 
cess. During read or write cycles, the timing controller sends 
DTACK low, telling the MPU that the data transfer is com- 
pleted. 

When a refresh cycle is ready to begin, the MPU is sent into 
a wait state by the timing controller’s forcing DTACK high. The 
timing controller then continues its refresh sequence, sending 
the chip enable and refresh signals to the memory array, ac- 
cording to the refresh mode being used. For example, the me- 
mories are placed in standby and F is toggled if an auto refresh 
is being performed. 

After the refresh is complete, the RFC signal tells the refresh 
timer to send REFREQ high, and normal MPU access may re- 
sume. 








SUMMARY 


The pseudo static RAM (PSRAM) offers system designers 
an affordable and easily implemented solution to their memory 
requirements. The PSRAM combines the low cost, high densi- 
ty array of the DRAM with the direct addressing and byte wide 
data transfer of the SRAM. This results in simplified control 
logic, less board space, reduced design time, and a significant 
overall cost savings. 
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Figure 1. Timing diagram for the chip enable only refresh mode of the MCM518128 PSRAM. The illustration 
shows the chip enables latching in two row addresses, thus refreshing two rows of the array. Note that the 
refresh pin F | F need not clock in this refresh mode. The device can be operated by cycling E1 (or E2) only, provided 
that E2 (or E1) is tied active high (or low). This is true for all modes of operation, including read and write. 
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Figure 2. Timing diagram for the auto refresh mode of the MCM518128 PSRAM. 
in the illustration, F is clocked twice in order to refresh two rows of the array 
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Figure 3. Timing diagram for the self refresh mode of the MCM518128 PSRAM. 
The recommended operating conditions for the device must be maintained for 
proper operation in a battery backup application. 
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Figure 4. Minimum read cycle timing for 
reading data from two addresses of the 
MCM518128 PSRAM. In this example, G is 
held at Vi. and W is held at Viz. The refresh 
pin F is a don’t care during time tcg, but 
must not clock during time tp. Regardless of 
the mode of operation, address inputs are 
latched by E1 going low, or E2 going high. 
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Figure 5. Minimum write cycle timing for 
writing data to two addresses of the 
MCM518128 PSRAM. In this example, G is 
held at Vij. The refresh pin F is a don’t care 
during time tce, but must not clock during 
time tp. In write cycles, the input data is 
latched at the earlier of W going high, E1 
going high, or E2 going low. 
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MCM518128 PSRAM ARRANGED IN 
FOUR BANKS OF TWO DEVICES FOR 
ONE MEGABYTE OF RAM 
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Figure 6. Block diagram shows the necessary components to Interface an MC68000 
microprocessor to an array of MCM518128 128Kx8 PSRAMs giving a total of one megabyte of RAM. 
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Avoiding Bus Contention in Fast Access 


RAM Designs 


INTRODUCTION 


When designing a bus oriented system, the possibility of 
bus contention must be taken into consideration. Bus con- 
tention occurs when two or more devices try to output opposite 
logic levels on the same common bus line. 

This application note points out common causes of bus 
contention when designing with fast static random access 
memories and describes ways to eliminate or reduce 
contention. 


WHAT CAUSES BUS CONTENTION? 


The most common form of bus contention occurs when 
one device has not completely turned off (output in a high- 
impedance state) before another device is turned on (output 
active). Basically, contention is a timing overlap problem that 
results in large, transient current spikes. These large current 
spikes not only generate system noise, but can also affect the 
long term reliability of the devices on the bus (see Figure 1). 


BUS CONTENTION AND FAST STATIC RAMs 


Since memory devices are primarily used in bus oriented 
systems, care must be taken to avoid bus contention in mem- 
ory designs. Fast static RAMs with common I/O data lines (or 
any high frequency device with common I/O pins) are the 
most likely candidates to encounter bus contention. This is 
due to the tight timing requirements that are needed to achieve 
high-speed operation. If timing control is not well maintained, 
bus contention will occur. The most common form of bus 
contention for memories occurs when switching from a read 
mode to a write mode or vice versa. 


1 OF 4 DATA BUS LINES 











SWITCHING FROM A READ TO WRITE MODE 


With E low (device selected), on the falling edge of W (write 
asserted) the RAM output driver begins to turn off (high- 
impedance state). Depending on the input and output logic 
levels, if sufficient time is not allowed for the output to fully 
turn off before an input driver turns on, bus contention will 
occur (see Figure 2a). 

Figure 2a shows an example of a RAM trying to drive a bus 
line low while an input driver is trying to drive the line high. 
If the situation were reversed (RAM output high and the input 
driver low), bus contention would still exist. 

Of course the obvious way to avoid this type of bus con- 
tention is to make sure that the input buffer is not enabled 
until the write low to output high-impedance (tyw/LqQz) time is 
satisfied (see Figure 2b). This specification is usually given on 
most manufacturers’ data sheets. 

Another method to eliminate bus contention would be to 
use E to deselect the RAM before asserting W (low). This 
allows the RAM output extra time to go into high-impedance 
state before the input driver is enabled. E and W are later 
asserted low to begin a write cycle (see Figure 2c). 


SWITCHING FROM A WRITE TO A READ MODE 


With E set low (device selected), on the rising edge of W 
(write terminated) the address or data-in changes before the 
device has had a chance to terminate the write mode. If this 
should occur, and depending on the input and output logic 
levels, a bus contention situation could exist (see Figure 3). 
To avoid address changing type bus contention requires that 
the address not change till the write recovery specification 
(tWHAX) is satisfied. To avoid bus contention caused by data 
changing requires that the data-in remains stable for the du- 
ration of the data hold specification (tywHDxX). Most of 
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Figure 1. Common I/O Bus Contention 
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Figure 2c. Using E to Avoid Bus Contention 
Figure 3c. Using E to Avoid Bus Contention 


Motorola's fast static RAMs specify write recovery and data 
hold times of 0 ns. However, it is always a good practice to 
allow some margin to take care of possible race conditions. 





OTHER WAYS TO ELIMINATE BUS CONTENTION 


Both of these types of contention could also be avoided by lf the RAM has an output enable pin (G), synchronizing 
taking E high prior to taking W high. This will give the RAM schemes can be incorporated to help eliminate bus contention. 
output driver time to go to a high-impedance state before W Taking G high will ensure that even when the RAM is in a read 
goes high. In this case E is used to terminate the write cycle mode the output will be in a high-impedance state. This will 
instead of W (see Figure 3c). allow the input driver to be enabled longer. 
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Figure 4a. Using G to Avoid Bus Contention 


Most advanced microprocessors, such as the MC68000 and 
MC68020, have asynchronous bus control signals that take 
advantage of fast memory devices with output enable pins. 
Figure 4 shows one way to avoid bus contention using a 
Motorola MC68000 interfaced to a Motorola 45-ns MCM6164. 

A more obvious way to eliminate bus contention is to use 
slow memory devices. Slow memories have loose timing re- 
quirements that allow devices to fully turn off before another 
device turns on. Of course this defeats the whole purpose of 
fast static memory devices. 

Another obvious way to eliminate bus contention is to use 
memory devices that have separate data I/O pins. In this way 
the R/W signal from the microprocessor can control a buffer 
device to eliminate bus contention (see Figure 5). However, 
the industry is demanding RAM with common |/O because 
these devices cost less and save system real estate. 

Common I/O devices reduce package size since fewer pins 
are needed. Smaller packages result in less PCB space re- 
quirement. Common 1/0 devices also eliminate the need for 
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Figure 5. Separate 1/O Buffer. 
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Figure 4b. Timing Diagram of the MC68000 


an extra buffer with its associated expense and space require- 
ment. In general fast static RAMs configured greater than a 
X1 will have common data I/O pins. 

Another popular way to reduce bus contention is to put a 
current limiting series resistor on each bus line (see Figure 6). 
The series resistor does not eliminate bus contention, but it 
helps reduce the large transient currents associated with bus 
contention. However, series resistors increase access time as 
well as increasing component count. The added access time 
depends on the total bus capacitance (including the capaci- 
tance of the devices on the bus) and the total bus resistance. 
The added delay should be added on to the point at which 
bus contention ceases. The following formulas can be used 
to determine the added access delay. 


Vin(initial) — Vin(final) 
=Pi<Oiin oe 
THL=RL-CL-in Vi_(max) — Vin(final) 


Vin(final) — Vin (initial) 
= e e n 
tLH=RL-Cein Vin(final) — Vjpy(min) 


1/0 


i 7 ae 


RAM 


Figure 6. Using Series Terminating Resistors 
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Generally the value of the resistor should be around 100 
ohms. The larger the resistor the less the transient current 
generated, but the greater the delay. Using a 150-ohm resistor 
will limit the current flow to less than 20 milliamperes while 
adding approximately 3 nanoseconds extra access time. How- 
ever, note that even with series resistors bus contention duty 
cycle must be minimized to reduce EMI and bus ringing. 

Although it is very important to reduce bus contention, 
CMOS memories can tolerate more bus noise generated by 
bus contention than can bipolar memories, due to the excellent 
noise immunity advantage of CMOS over bipolar technology. 
However, even when using CMOS memories, large destructive 
transient currents generated by bus contention can still occur. 
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CONCLUSION 


Bus contention must be taken into consideration in most 
bus-oriented system design. The occurrence of bus contention 
generates large transient currents that produce system noise 
and could also affect the system’s long term reliability. 

Fast random access memories with common data I/O pins 
are very susceptible to bus contention due to tight timing 
requirements. Although it is almost impossible to totally elim- 
inate bus contention, it must be the goal of the system designer 
to minimize bus contention. 
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Microprocessors are now capable of 20-25 MHz. This places 
a great demand on SRAMs to supply super-fast access times. 
Today’s sub-100-nanosecond SRAMs in production are rapidly 
moving to sub-50 nanoseconds as yesterday’s prototypes ramp 
into production, and sub-25 nanoseconds is just on the ho- 
rizon. This need for high-speed SRAMs is amplified by the 
fact that setup, hold times, and cycle edge accuracies do not 
usually improve at the same rate as the clock frequency. There 
is help on the way in terms of application specific SRAMs that 
put on chip some of the “glue” features that eliminate gate 
delays caused by decoders, drivers, or clock signals; but for 
now, the main burden will fall upon SRAM designers to make 
up for the “‘lost time” in the shorter cycles. Some of the tools 
of the SRAM designer are improved processes, tighter design 
rules, and improved circuit techniques such as address tran- 
sition detection. When you combine all of these features into 
a high performance SRAM, you no longer have the bistable 
flip-flop of yesterday but a highly tuned circuit that is more 
closely related to a DRAM. This is where the system designer 
can help. Although SRAM designers are doing everything 
possible to make the devices stable and noise immune, there 
is no substitute for a good solid system layout and design. 
The following discussion gives system designers some insight 
into potential trouble areas from a component engineering 
viewpoint. 


CHARACTERISTICS OF HIGH-SPEED BUSES 


When data is transmitted over long distances, the line on 
which the data travels has to be considered a transmission 
line. A long distance is relative to the rate at which data is 
being toggled. Address and data buses associated with high- 
throughput microprocessors (e.g., M68000 family) must also 
be thought of as transmission lines, since it is not uncommon 
for these processors to run bus cycles of 40-nanosecond pe- 
riods or less. 

Other features of high-end microprocessor buses are that 
they tend to operate in harsh, noisy-type environments, and 
most of these buses are unterminated. A high-impedance, 
unterminated bus line acts just like an antenna. it not only 
radiates EMI, it can also receive EMI: This can result in bus 
ringing, crosstalk, and various other noise associated prob- 
lems. The more transmission lines a bus has, the more an- 
tennas to pick up and radiate noise. Of course, the best way 
to reduce this EMI is to ensure that the bus is properly ter- 
minated into a low-impedance load. This low-impedance load 
could be in the form of a pull-up or pull-down resistor tied to 
each bus line. Ideally, the termination resistor should be equal 
to the characteristic impedance of the bus line. A transmission 
line terminated into its own characteristic impedance has the 
best incident wave switching as well as the least amount of 
reflection. 
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Since an unterminated bus looks almost entirely like a ca- 
pacitive load, the larger the resistor value the slower the rate 


at which data can be presented to the receiving device. This 


is due to the time it takes to charge and discharge this ca- 
pacitive line through the termination resistor. If a smail value 
resistor is used, the charging/discharging time delay can be 
minimized (t=RC). However, the smaller the resistor the 
greater the power consumption through the resistor. Also, if 
the resistor value is too small, its value will approach that of 
the source resistance of the transmitting device, which could 
lead to a degradation of noise margin to the receiving devices. 
A resistor value between 1 kilohm and 10 kilohms is usually 
adequate. The actual value should be optimized through ex- 
perimentation (see Figure 1). 


Vcc 






MEMORY 
BOARD 


Figure 1. Microprocessor Address Bus with Puli-Up 
Resistors 


HIGH SPEED SRAM DESIGN TECHNIQUES 


in order to speed up access times of high-speed RAMs, 
many new design techniques have surfaced. One of the most 
innovative techniques to emerge is known as address transition 
detection (ATD) circuitry. Since row address access times are 
typically slower than column address access times, this cir- 
cuitry originally used the row addresses to trigger a clocking 
sequence that restored bit lines, shorted data lines, equalized 
sense amplifiers, and threestated the output as the output 
buffers were equalized. This meant that many of the internal 
transistions could be completed by the time that the signals 
were decoded and propagated through the device seeking the 
proper cell and outputting data. This then made row and col- 
umn access times much more equal and eliminated one of the 
speed bottlenecks. This scheme also has the added advantage 
of reducing power consumption because the static bit line 
loads can be reduced in size by utilizing a parallel equalization 
that is also generated at the A7D initiation and used to pull 
up the bit line 0 before selection of the new word line. Since 





MOTOROLA MEMORY DATA - 


13-18 


AVOIDING DATA ERRORS .. . (AN973) 


/ ADDRESS 


START EQUALIZATION 
OF TOP OF CHIP 


ATX 


ll", 


EQUALIZE BIT LINES 


TURNS WORD OFF 


3 


START EQUALIZATION 
OF BOTTOM OF CHIP 


EQUALIZE SENSE AMP 


EQUALIZE DATA LINES 


TURNS OUTPUT OFF 


TURNS SENSE AMP OFF 


WORD LINE 


7, 
' 


DLEQB 


am 


SAEB 


Figure 2. Address Transition Detection Timing Chain 


its inception, ATD has been expanded and is now activated 
by all addresses and chip select pins instead of just row ad- 
dresses. A typical timing chain, as shown in Figure 2, applies 
to Motorola’s MCM6164 8K x8 SRAM and exemplifies the 
clock sequence dependency. 

ATD has been shown to be very effective as a performance 
enhancer and will remain a valuable tool for designers, but it 
can be seen that we now essentially have a clock-activated 
part. What happens if addresses are floated or oscillate at a 
frequency greater than the ATD response? What happens if 
addresses are skewed, thereby getting successive ATD initi- 
ations? There is also the case of signals being gated from 
numerous sources, in which the address may start in one 
direction and then reverse several times before it finally seeks 
a valid high or low level. Circuit designers believe that these 
potential problems have been resolved over the last few years 
as testing techniques and circuit simulations have wrung out 
the infinite number of application variations. However, there 
is a simple, foolproof way that system designers can eliminate 
any potential for this type of a problem. Deselect the device 
during address transitions (see Figure 3). 

Since new design techniques have made chip select access 
times equal to address access times, system designers can 
take advantage of this and improve reliabilty of their system 
by increasing overall immunity to a noisy environment. This 
can cover a host of potential board-induced problems from 
oscillating multiplexer or driver units, to spurious address 
glitches put out by MPUs. 


Another design improvement is related to rise and fall times 
on the output levels, known by circuit designers as di/dt. This 
is the inductance associated with the changing current as loads 
are charging and discharging. This inductance is coupled back 
to the device, and through connections and bus resistance 
can cause the power supply or ground to change drastically. 
This is pushed to the limits as output drivers become more 
powerful, and is especially aggravated by multiple I/O devices 
like byte-wide SRAMs which may have all eight data lines 
switch from all Os to all 1s or vice versa. These spurious noise 
spikes Gn the power lines can affect the data contents of the 
device, as well as any other device sharing the same power 
and ground buses (see Figure 4). Circuit designers have de- 
veloped circuitry that has a feedback loop that controls the 
rise and fall time just enough to minimize overshoot, under- 
shoot, and ringing. This di/dt is the inherent reason why byte- 
wide SRAMs are typically 4-5 nanoseconds slower than single 
output devices. 


CHIP ENABLE \ / 
rooness XX XK me XXX 


Figure 3. Deselection of Device During Address 
Transition 
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Figure 4b. Ground Bounce When Data Switches from 
All 1s to All 0s 


PCB POWER FEED CONSIDERATIONS 


Another source of noise can be inadequate power feeds and 
power supply decoupling. Large ground planes should be used 
to reduce both inductances and resistances. The resistances 
of the power supply lines should be less than 0.1 ohm. If the 
inductances or resistances of the power supply lines become 
significant, Vcc or ground bounce can occur. Since all inputs 
are referenced to ground, gate input thresholds could be ex- 
ceeded, causing data errors to be generated. An excellent PCB 
design is one that incorporates a multilayer board. One layer 
should be entirely devoted to a ground plane. 

The use of good-quality decoupling capacitors can help to 
keep noise off the power lines. A value between 0.01 micro- 
farad and 0.1 microfarad (use 0.1 microfarad for x8 organi- 
zations) should be used for each RAM. This capacitor should 
be located as close to the RAM power pins as possible. When 


using IC sockets, it is recommended that sockets with gold- 
plated copper contacts and built-in decoupling capacitors be 
used. 

A large value capacitor (= 1 microfarad) should be used on 
each Vcc line. The purpose of this capacitor is to provide for 
sudden current demand (current surges) from the power 
supply. 

Figure 5 illustrates a typical memory board design. 





Figure 5. Typical Memory Board 


SUMMARY 


Digital transmission line theory must be taken into account 


when designing high-frequency buses. A high-impedance, un- 


terminated bus behaves much like an antenna, receiving as 
well as transmitting EMI. The use of termination resistors on 
these buses can reduce EMI. Many innovative designs have 
evolved to speed up access times of fast static RAMs. One 
of the more innovative designs is that of address transition 
detection circuitry. Most high-speed RAMs today use this 
technique to decrease access time. Good PCB power feed 
design, as weil as the judicious use of decoupling capacitors, 
is essential for optimum performance from fast static RAMs. 
Much of the time, the problems caused by a marginal device, 
system layout, or pushing for the last nanosecond is an in- 
termittent random type of problem that could result in either 
destroyed data or access time push-out. If you are having a 
problem, call Motorola MOS Memories in Austin, Texas, (512) 
928-SRAM (928-7726). We are on your design team! 
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INTRODUCTION 


As the speed of the MC68020 processor increases it 
becomes more difficult and more expensive to provide large 
amounts of no-wait states memory. The addition of a logical 
cache in a memory management based system then 
becomes a more viable alternative to the problem. For a typi- 
cal 25 MHz MC68020 system the incorporation of a no-wait 
states cache is one of the most economical ways in which the 
true performance attainable from this particular processor 
can be achieved. 


CACHE DESCRIPTION 


The cache described in this application note is a 32K byte 
(8K long words) direct mapped logical cache. The cache is 
organized such that both supervisor and user, program and 
data accesses are stored. The entries are tagged approp- 
riately with the function code lines. To avoid any stale data 
problems that may occur with the data the cache update 
logic includes a ‘write through’ mechanism that forces any 
data writes to update both the memory and the cache. The 
cache operates with no wait states with a 25 MHz 
MC68020. 


BLOCK DIAGRAM DESCRIPTION 


The cache can be broken down into several functional parts 
as follows: 


tag RAMs 

data RAMs 

control logic 

entry update mechanism 


The cache is organized as 8K long word entries (see Figure 
1) which are referenced by a 22 bit TAG field. This TAG is 
made up of the upper address lines (TA15-TA31), the func- 
tion codes (TFCO-2) and the size pins (TSIZEQ-1). By incor- 
porating the size pins into the TAG field means that the data 
entry can be validated even if it were referenced as a mis- 
aligned data transfer. The function codes allow the entries to 
be referenced separately with respect to user/supervisor 
and program and data entries. 


The cache mechanism will begin operation as soon as an 
address becomes valid on the logical address bus. This 
address accesses the TAG RAM within the cache and the 
corresponding entry is compared with the relevant section of 
the logical address bus (LA15-LA31) and the control bus 
(FCO-2, SIZEO-1). 

If this comparison is valid then this gives an indication to the 
comparator logic that a valid entry may be present within the 
cache data RAMs. 

To determine whether this data entry is indeed valid a 
simultaneous access is made to the VALID bit RAM with the 
lower section of the logical address bus (LA2-LA14). If the 
entry in this VALID RAM is a logic O then this indicates that 
the corresponding data entry at that cache address (LA2- 
LA14) is a valid entry. 

Access to that data item can then be made on the condition 
of several control signals (e.g. R/W*, CACHE-E*, etc.) and 
the data buffers to the system data bus will be enabled. This 
is termed as a CACHE HIT. 

Conversely, if the entry in the VALID bit RAM was a logic 1 
then this would indicate that the corresponding data item 
was not a valid cache entry and so the isolation data buffers 
would not be enabled to the system bus. This is termed as a 
CACHE MISS. 

When the cache detects a HIT then the bus cycle is com- 
pleted from the data RAMs and the system operates with no 
wait states. 

If on the other hand the cache detects a MISS then the pro- 
cessor has to fetch its data from external memory which by 
its nature will be slower and will incur wait states. 

To facilitate the data fetch from external memory the cache 
mechanism forces the processor to do a RETRY of the 
MiSSed bus cycle. This retried bus cycle will then go out to 
external memory and fetches the relevant data item which 
will be latched by the processor and also used to update the 
cache. Subsequent accesses to this address will then find 
the data resident in the cache. 

To preserve data integrity a CACHE MISS is also generated 
by a data write cycle. On writing to an address the cache for- 
ces a MISS such that the data item will be written to the 
cache in addition to the external memory. Subsequent data 
reads at this location will find that the data item is resident 
and is the most recent version. 

Forced CACHE Mi!SSes are also generated when the logical 
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address is detected as being a peripheral access (e.g. serial 
1/0 device) or when the processor is executing a CPU space 
cycle (e.g. interrupt acknowledge). 


CACHE CONTROL MECHANISM 


The cache hit signal (CHIT*) is generated as a result of the 
comparison of the TAG data, the VALID bit and various con- 
trol signals. When the logical address from the processor 
becomes valid the cache TAG RAMs are enabled and the TAG 
data is produced for comparison. 

These TAG RAMs are addressed as an 8K long word bank 
and so logical address lines LA2 to LA14 are used. 

The TAG RAM itself contains information relating to the bus 
status of the cached item. This bus status consists of a sec- 
tion of the logical address bus (LA15-LA31) and some con- 
trol signals (FCO-2, SIZEQ-1). When these TAG RAMs are 
accessed this previous bus status is compared with the 
existing bus to detect if there is a match. 

Comparators U215, U216 and U217 (see Figure 4) are 
used to compare this information and if there is a match the 
outputs Oa=b (pin 19) will be asserted. 

The assertion of these three comparator outputs is then 
_ conditioned by various other factors:to determine whether a 
cache hit signal should be generated. 

While the TAG RAMs are being accessed by logical address 
lines LA2-LA14 a VALID bit RAM is also accessed. The infor- 
mation contained in this VALID bit determines whether or 
not the cache data is valid. When the cache is enabled all the 
entries in the VALID RAM are set to logic 1 to indicate that 
there are no valid entries in the cache. 

Subsequent memory accesses then cause a cache miss 
which results in a cache entry being made. When this cache 
entry is made the status of the bus (LA1 5-31, FCO-2, SIZEO- 
1) is saved in the TAG RAM at the location pointed to by the 
cache index (LA2-14). The information.on the data bus is 
then saved in the data RAMs at address with cache index 
LA2-14 and the corresponding VALID bit entry is also set 
(i.e. the cache entry is marked as being valid). 

Subsequent accesses to that address will then cause the 
TAG address comparators to assert their outputs and the 
VALID bit to be set. The assertion of the cache hit signal 
(CHIT*) is then dependent upon the status of several other 
control signals such as cache enable (CACHE-E*), CPU space 
and peripheral access (IOEN*). Accesses to CPU space are 
not cached because of the problems that might arise when 
servicing interrupts or accessing coprocessors. In addition 
access to peripheral devices (indicated by the signal IOEN*) 
are not cached because of the read write nature of some 
peripheral device registers. 

When these signals are taken into account the resultant 
assertion of the cache hit signal (CHIT*) will then cause the 
processor to complete the bus cycle with no wait states. 

Control of the cache is facilitated by three hardware 
primitives: Cache Enable, Cache Disable and Cache Clear. 
These primitives are initiated by accessing a specific address 
within CPU space which is not used for any other CPU 
space functions. __ 

On requesting a cache enable function the mechanism 
causes the VALID bit RAM to be set to logic 1's, indicating no 
valid cache entries, and then assert the CACHE-E* signal to 
the rest of the system. 


The cache disable function simply negates this CACHE- 
E* signal. 

The cache clear function is included to allow the support of 
multi-tasking software. On initiation of the cache clear func- 
tion all entries in the VALID bit RAM are cleared so emptying 
the cache. This is useful where the software has to perform a 
context switch. 


CACHE CONTROL LOGIC 


The Cache control logic allows the software programmer to 
enable the cache, disable the cache and to clear the cache 
contents. Accesses to the control logic can only be done 
under CPU space. This prevents accidentally writing to the 
control logic during normal operation (the SFC and DFC 
registers are programmed for CPU space with the MOVEC 
instruction, and the MOVES is used in writing to the control 
logic). Hence only the supervisor mode of operation can con- 
trol the cache. ; 

The address lines LA24-LA26 are used to decode the 
cache control functions, these being inputs fed to an 
74LS138 U241 (see Figure 3). In addition to these 
addresses in CPU space, the programmer should also select 
an area of memory that will not cause contention with the 
normal MC68020 CPU functions. | 

An example decode could be $1070000 ($ is used to rep- 
resent a hexadecimal number) for clear cache, $2070000 
for disable cache and $4070000 for enable cache. 


Cache Enable 


The cache is enabled by accessing to a CPU address similar 
to the one given above, the data being irrelevant. On enabling 
the cache all entries are made invalid. This ensures that no 
stale data problems are created from accesses when the 
cache was previously enabled. 

The output from U118D (see Figure 3) is used to enable a 
sequencer consisting of three 4-bit binary counters: U246, 
U247 and U248. These counters are used to increment the 
address bus to set the valid bits to all 1's (entry is invalid). 
The addresses are presented to the valid RAM U259 via the 
latches U249 and U250, the outputs from these being 
enabled at the same time as a write to enable the cache. Also 
during this sequence the logical address bus to this RAM is 
tri-stated from the RAM’s address bus by U243 and 
U244. 

Under normal operation the latches U243 and U244 are 
enabled and U249, U250 are disabled allowing the valid 
RAM to be addressed from the logical address bus. The 12- 
bit sequence clears 4 K entries in the cache (each entry is a 
long word). 

The sequence is repeated twice to clear the whole 8 K entry 
cache. The two D-type flip flops U251B and U251A are 
used to write first to the upper 4 K then the lower 4 K 
entries. 

At the end of the cache ciear sequence the cache is enabied 
via the S-R flip flop U257D and U118C. The CACHE.E* is 
then used in the comparator logic to indicate that the cache is 
enabled. In addition the DSACKO* and DSACK1* is returned 
to the MC68020. 

As far as the processor is concerned the cache clear 
mechanism can be thought of as a long instruction. The valid 
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RAM latches data with respect to the sequencer clock (40 
MHz for 25 ns SRAM's) and a logic 1 is latched on each fall- 
ing edge of this clock. 

A logic 1 is written into the valid RAM when: the sequencer 
is enabled; it is the falling edge of the 40 MHz clock and the 
WRITEN* signal from the entry update mechanism is high 
(U258C, U263A and U219D). This logic is also used to 
write a logic O into the valid RAM during normal 
operation. 

To prevent external bus contention when the cache is being 
written to, a signal ADDBUFDIS* is generated which can be 
used to disable external address buffers. The CMISS_ signal 
should be used to disable the external address buffers dur- 
ing a cache hit. 


Cache Clear 


The cache clear mechanism is used to allow the operating 
system to perform a context switch. A cache clear command 
will produce the same output as the enabie cache 
command. 

Using the 40 MHz clock gives a context switch time of 
approximately 0.025 x 1024 x 8 = 205 us. If this is unac- 
ceptable the mechanism can be speeded up by using several 
valid bit RAMs of lower density in parallel, or using a RAM 
with a clear feature. 


Cache Disable 


This command produces an input into U240B to set the 
S-R flip flop to cache disable (CACHE.E* set toa logic 1). The 
reset signal is also fed into U240B to ensure that the cache is 
always disabled at reset. 


ENTRY UPDATE MECHANISM 


This section of logic (see Figure 2) is used to control the 
cache mechanism for updating entries in the cache. In addi- 
tion, the logic will produce control signals used to latch data 
into the Tag and Data RAMs and control the isolation data 
buffers for the cache (U236 - U239 in Figure 5). 

The mechanism used to update the entries in the cache is 
only enabled on a read cycle (R/W* signal into U261D) and 
when the cache is enabled (CACHE.E* signal into U261C). 

The control logic is required to perform three distinct 
operations: 


On a write cycle the WRITEN* signal should be asser- 
ted to latch data into the RAMs to perform a write 
through operation. When the address is next accessed 
it will reside in the cache. 

On a read cycle that does not generate a cache hit, the 
logic needs to initiate a retry operation to enable the 
cache to latch the data which is being read by the 
MC68020. 

Thirdly, on a read cycle, which causes a cache hit, the 
bus cycle needs to be terminated to allow zero wait 
state operation at 25 MHz from the cache. 


Write Cycles 


Assuming the cache is enabled then on a write cycle the 
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output from U240D produces logic O (the output from 
U261C will be logic 0). This output produces a signal 
INHIBIT* which prevents the cache returning DSACKO*, 
DSACK1*, HALT* and BERR* (U256A, B, C, D), used for 
read cycles (see Figure 2). 

A signal FORCEW* is also generated via U258B and 
U219C to control the output enable of the cache isolation 
buffers to allow data to be routed to the cache data RAMs 
(see Figure 5). 

The WRITEN* signal is finally generated from U258A to 
produce the W* enabie for the TAG and DATA RAMs. 
WRITEN* is also used to enable the buffers: U212 - U214, 
to route the current logical address, function codes and size 
lines into the TAG RAMs (see Figure 4). 

Two banks of RAMs are used to obtain an 8 K entry long 
word cache; the lower bank of RAMs are enabled with 
LA14* from U255C and the upper bank is enabled by LA14. 
This is needed to allow 25 MHz operation (25 ns SRAM - 
MCM6268-25 -are used as shown in Figure 4). 

On the assertion of DSACKO*, DSACK1* from the external 
physical memory the two D-type flip-flops U235A and 
U253B (see Figure 2) are used to negate the WRITEN* just 
after the falling edge of the processor clock S4 (just after the 
MC68020 latches data). On the negation of WRITEN*, tag 
data is written into the tag field. 

The information on the data bus is latched into the cache 
data RAM and the tag buffers and data isolation buffers iso- 
late the cache from the system busses. This section together 
with the whole entry update mechanism must operate 
logically very quickly hence FAST logic is used 
throughout. 


Read Cycle with a Cache Miss 


Timing diagram 1 shows the cache sequence when a cache 
miss occurs. From this diagram it can be seen that the 
addresses on the address bus do not become stable until 5 
ns into S1 worst case. At this point it will take 25 ns to obtain 
information from the TAG data RAMs (the RAMs are per- 
manently enabled). 

In addition to this there is a delay through two levels of com- 
parator (U215 - U218). This gives an absolute maximum 
propagation delay time of 46 ns after the address bus is sta- 
ble before a valid CHIT* signal is generated. With the above 
conditions a valid cache hit signal (CHIT*) should be asserted 
in the middle of S3 for a TAG match. The entry update 
mechanism uses this information to determine if there is 
going to be a cache miss or a cache hit. 

In the case of a cache miss the following sequence of events 
are executed: DSACKO* and DSACK1* are asserted by the 
assertion of the MC68020 AS* (U255B) by U256A and 
U256B as shown in Figure 2. The INHIBIT is set to a logic 1 
by U261C, U261D and U262A. U252A is then used to 
bring U252B out of RESET on the falling edge of S2. This D- 
type is then used to sample the CHIT* signal in the middle of 
S3. In the case of a cache miss the D input will still remain 
high, forcing the cache miss signal CMISS to go high. This is 
used to enable external data buffers for the MC68020. This 
causes the BERR* and HALT* signal to be asserted 
simultaneously to request a retry cycle (via U261B, U256C 
and U256D). This takes advantage of the MC68020’s ability 
to recognize a late retry if spec 27A is satisfied. (Note that 
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68020 inserts an additional 3 clock cycles after S5 of 
this cycle). 

On the termination of this bus cycle all signals are negated 
as shown in the timing diagram, with the exception of the 
INHIBIT. This is because on the rising edge of LAS* the out- 
put from Q* of U269A is fed back to the input to produce a 
low INHIBIT signal for the following retry cycle This low 
INHIBIT signal prevents the DSACKO*, DSACK1*, BERR* 
and HALT* lines from being asserted by the cache during the 
retry cycle. 

Timing diagram 2 shows the retry cycle. The length of this 
cycle is determined by the actual physical device being read 
so it is shown as an unknown number of wait states. The 
same cycle is repeated as above, however, during this cycle 
INHIBIT has been asserted causing FORCEW* (force a 
write to the RAMs) and WRITEN* to be asserted. This has 
the effect of updating the cache on the read cycle by forcing 
the cache to latch the addresses, function code and size 
signals to the TAG RAM and the DATA bus contents into the 
data RAMs. 

The buffers U236 - U239 are enabled by (CHIT*) ANDed 
with (FORCEW*) and the direction is controlled by CHIT*. In 
this case CHIT* is a logic 1 causing data to be written into the 
RAMs. The buffers U212 - U214 are enabled by the 
WRITEN* signal. 

On return of the DSACKO*, DSACK1* from the physical 
system, the WRITEN* signal is negated (via U257A, 
U255C, U253A, U253B, U219B and U258A) to latch data 
into the RAMs just after the falling edge of S4. 

In addition to this all the signals are negated at the end of 
the cycle and the INHIBIT signal returns to a logic 1 level on 
the negation of LAS* (U262A and U240D). 


Read Cycle with a Cache Hit 


When a read cycle occurs at an address which has a corres- 
ponding input in the cache, a cache hit will occur. This cycle 


is similar to the one above except the CHIT* signal from the 
comparators U215 - U218 is asserted by the middle of S3, 
setting CMISS inactive (output from Q of U2528B is set toa 
logic low) and forcing the external data buffers to be disabled 
preventing data bus contention. The BERR* and HALT* are 
also prevented from being asserted by U261B so no late 
retry cycle is signalled to the MC68020. 

Finally, the cache data RAM isolation buffers U236 - U239 
are enabled and the direction is selected to be output from 
the RAMs to the data bus. As there is no bus activity which 
stops the recognition of DSACKO* and DSACK1*, this read 
cycle by the MC68020 from the cache is performed in zero 
wait states at 25 MHz. 

At the end of the cycle all the signals are negated for the 
next bus cycle. 


CONCLUSION 


The design of a 25 MHz logical data cache to interface bet- 
ween the processor and an MMU involves the use of very 
fast logic and static RAMs for zero wait state operation. The 
RAM access speed required in this application is 25 nS to 
allow no wait states operation. 

The control logic has been designed discretely with FAST 
Schottky TTL since the use of PLAs would have a serious 
effect on gate propagation delay times. 

The MC68020 supports a late retry cycle recognition and 
this is used in the design to take corrective action in the case 
of a cache. miss. 

As greater performance is required from the MC68020 the 
move towards high frequency zero-wait state operation 
becomes a more important requirement. If an MMU is 
placed between the processor and memory this will have an 
effect on zero-wait operation at the higher frequencies. 

If the logical data cache can be made large enough, so that a 
high hit rate can be achieved, then slower physical memory 
could be tolerated in the system. 
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DESIGN APPLICATIONS 


o wring the best performance from the new 
breed of superfast microprocessors, sys- 
tem designers frequently turn to external 


caches. Direct mapped and set-associative 
caches offer advantages, compared with 
fully associative caches. In designing an ad- 


dress-tag-and-comparator system for a di- 
rect-mapped or set-associative cache, engi- 


neers must consider issues such as the 
speed of the hit, the address-bus loading, and the data- 
block size (see “What's the Cache?”’). 


Issues relating to the specific high-speed microproces- 


sor also crop up. For instance, a system built around the 
MC68030 microprocessor must support two-cycle reads 
and writes related to the address-tag-comparator timing. 


Designers must also resolve questions of whether or not 


and how to support a burst mode. To support this mode, 
| they must decide on address-tag and cache-data-RAM 
requirements unique to the mode, such as automatically 





incrementing addresses for the address tags and the 
cache-data RAM. They must also consider the data setup 
and hold timing requirements at the processor. 


CACHE Tac RAMS 


Matching the speed of the MC68030 microprocessor, 
the cache-tag comparators in the MCM4180, MCM62350, 
and MCM62351, organized to handle 4 kwords by 4 bits, 
compare data in the cache RAM with an external 4-bit- 
wide data field. The comparison results appear on the 
devices’ Match pins. Each of the cache-tag devices is bulk 

COMPARATOR CHIP S clearable and has read and write functions. Of all the 
cache-system configurations possible with this MCM 
HELP CREATE family of RAMS, for a32-bit-by-16-kword system, a block 


of four MCM4180s as tag valid-bits comparators and 


A HI GH-SP EED CACH E four MCM62350s provide the fastest hardware arrange- 
ment, least bus loading, and lowest cost (Fig. 1). 
For THE MC68030 The MCM4180 includes an Exclusive-Nor (XNOR) 
comparator, which matches each bit position with the 
stored data for a true result. This type of comparator 
requires that every bit position match the stored data for 
the result to be true. 

The MCM62350 and MCM62351 supply a user-confi- 
gurable comparator offering the conventional XNOR 
mode and an And-Or-Invert (AOI) mode. Unlike the 
XNOR mode, the AOI comparator treats zeros in any bit 
position as don’t-care bits during the compare operation. 
The AOI option is extremely useful for comparing status 
bits often stored with each address tag. The status bits 
can represent validating entry bits, which allow storing 
multiple data entries with each address-tag entry (block 
size = n), as well as individual so-called dirty bits needed 
for copy-back caching schemes. oe 

The MCM62350 and MCM62351 RAMsalso feature bit- 
set and bit-clear write cycles, which allow individual bits 

3 to be unconditionally set or cleared through a mask. 
RICHARD CRISP, BRIAN BRANSON, AND RON HANSON Thus, any combination of the four bits in any particular 


Motorola MOS Memory Products Div., location can be set or cleared without having to read the 
3501 Ed Bluestein Blvd., RAM, modify the data, and write it back as in a conven- 
Austin, TX 78762; (512) 928-6141. tional SRAM. This feature is useful with the AOI com- 


Reprinted with permission from Electronic Design © 1988 VNU Business Publications Inc. (Vol. 36 No. 23) October 13, 1988. 
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parator for storing status bits. Also, 
both the MCM62350 and the 
MCM62351 have ground pins posi- 
tioned to achieve minimum self-in- 
ductance in both DIP and small-out- 
line J-type packages. 

The MCM62350 differs from the 
MCM62351 in that it offers a user- 
configurable Match-output active 
level. The MCM62351 has an active 
high open-drain Match output. Wire- 
ORed connections of separate Match 
pins allow the comparison width to 
expand efficiently. 

The design of external caches.for 
the MC680380 involves two major tim- 
ing problem areas—in the address- 





ith a cache, when a 
processor executes a 
new task, it fetches 
from the system’s 
main dynamic memory the first 
instruction and corresponding 
data, plus the instructions and 
data for several subsequent oper- 
ations at adjacent memory ad- 
dresses. 

The cache’s SRAM memory 
fetches the instructions and data 
from the adjacent main-memory 
addresses because they have a 
high probability of being used in 
the operations that follow. Most 
programs contain loops, and if the 
cache is large enough, the needed 





information will be present in the: 


fast cache, shortening the aver- 
age memory-access time. 

That’s a cache hit. If the cache 
doesn’t contain the information, a 
miss occurs. In this case, the main 
memory again responds, and the 
eache receives updated instruc- 
tions and data. 

A cache controller circuit se- 
quences the necessary functional 
steps. For normal program opera- 
tion, the system doesn’t directly 
address the cache. The cache sub- 
system stores both the informa- 
tion and its corresponding main- 
memory address. The controller 
compares the stored address in 
the cache, called the address tag, 
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DESIGN APPLICATIONS. 


CACHE SYSTEMS 


tag-comparator and in the data 
cache. Since the synchronous bus 
protocol makes it possible to use 
short bus cycles and supports burst- 
mode accessing, the prudent design- 
er will also choose to use it for exter- 
nal cache interfacing to the MC68030 
(see “A Synchronous Bus Proto- 
col”’). 

The primary challenge with timing 
the address-tag comparator is to 
avoid wait states when the processor 
runs at a high frequency. Generally, 
only a hit in any given bus cycle 
should assert the Synchronous Ter- 
mination Handshake (/STERM) sig- 
nal. The first order of business, then, 


WHAT'S THE CACHE? 


with the address the processor 
provides to determine whether 
the cache contains the requested 
data. 

Cache types are usually delin- 
eated by their placement policy, or 
mapping algorithm, which deter- 
mines where new information is 
stored in the cache. Most caches 
are either associatively content 
addressable or directly mapped, 
random-accessible types. 

Whereas in a straight RAM, the 
processor directly accesses the i in- 
formation, in a content-address- 
able memory a match with a 


stored address of the informa- — 


tion’s original main-memory loca- 
tion causes the contents-address- 
able portion of the cache to re- 
spond with a pointer (see the fig- 
ure, opposite, left). The pointer, 
or address, then specifies the da- 
ta’s location in a random-access- 
memory portion of the cache sys- 
tem. This fully associative memo- 
ry cache copies the:information in 
any main-memory location into 
any location in the cache. 

A directly mapped cache, on the 
other hand, uses random-access 
memories to store both an address 
tag and the information’s image 
(see the figure, opposite, right). 
The low-order bits of the address 
from the processor provide an in- 
dex into the address-tag-store 
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is how to generate /STERM. 

To avoid a wait state, the MC68030 
asserts the worst-case Address 
Strobe (/AS) signal at the same time 
that the /STERM signal is activated. 
As a result, cache designs for this 
processor cannot generally use the 
/AS to signal the cache that a bus 
cycle is starting. 

Nevertheless, the address-tag 
comparison must be qualified based 
on valid addresses that /AS an- 
nounces. Fortunately, a signal called 


External Cycle Start (/ECS) is valid 


slightly earlier than the addresses. 
Whenever the processor needs an in- 
struction or data, it therefore asserts 


portion of the cache system, 


| which stores the high-order ad- 


dress bits. To determirie whether 
the requested information resides 
in the cache, the system compares. 
the high-order address bits goon 
the processor’s bus with the:con- 
tents of the address-tag~ store 
RAM. If they’re the same, the 
cache contains the requested in- 








| formation. Unlike in a fally: aBso- 
| ciative cache, in a direct 








cache, a memory-address lo Qa ion 





has its information copied into 
only one unique location. 
The fully associative content- 





addressable memory cache can 
have a higher hit rate than any 
other cache type of the same size 
m. But it’s very expensive, com- 
pared with a directly mapped ran- 
dom-access cache memory of com- 
parable size. 

When x directly mapped caches 
operate in parallel, the cache is 


- designated as an n-way set-asso- 


ciative type. Nevertheless, sys- 
tem designers may consider both 
directly mapped and fully associa- 
tive types as set-associative 
caches. A directiy mapped cache 
is simply a one-way set-associa- 


tive type, and a fully associative | 


one is an m-way set-associative 
type. 
A four-way set-associative 
cache yields about the same hit 


DESIGNING A CACHE . 


/ECS during the clock’s high phase 
when the new addresses appear. 
Should the processor find what it 
needs in its internal caches, it would 
not assert /AS and an external bus 
cycle would not run. If /STERM acti- 
vates when no bus cycle runs, the 
processor ignores it. 

The timing diagram of the syn- 
chronous bus shows that after ad- 
dresses are valid, /STERM must be 
activated within just a half clock pe- 
riod minus the clock-rise time to 
avoid wait states. Operating at 25 
MHz, that leaves only 15 ns to check 
for a cache hit and assert /STERM if 
wait states are to be avoided. 


ieiet cick, | 
cache of the same size, Inan m-| on 
wey Bactaneotety disease id {- 


. » (AR270) 
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The circuit must furnish an extra 
gate for the results of the tag com- 
parator to be ANDed with a qualifi- 
er—a latched /ECS signal. A 74F64 
AOI gate can AND the Match sig- 
nals from the tag comparators to this 
qualifier. Unfortunately, this gate 
adds a 5.5-ns delay to the circuit. Con- 
sequently, the tag comparators must 
perform their comparison in 9.5 ns. 

Since TTL-compatible tag compar- 
ators aren’t that fast, this technique 
isn’t feasible. Two options remain: 
Always assert /STERM after /ECS, 
and if the cache misses assert 
/BERR and /HALT retry, or insert a 
wait state. With retries, at 25 MHz, 
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the tag comparator has 35 ns to per- 
form its function and generate 
/STERM. At 33 MHz, it has just 28 
ns. For the wait-state option, 34.5 ns 
is available to generate /STERM af- 
ter the addresses are valid. 

Retries, however, can run into 
trouble. After requesting a retry, 
the processor must disable the cache 
to prevent a system deadlock condi- 
tion when the bus cycle reruns. Also, 
before the bus cycle can rerun, a two- 
clock-cycle delay occurs. As a result, 
the penalty incurred when the exter- 
nal cache misses might be greater 
than it would be if the processor as- 
serted /STERM only on a cache hit. 


stored along with the address 
2 : Then when the system re- 


the validating bit corre- 
ng ‘» = aso maigiles data 
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Therefore a no-wait-state cache with 
a low hit rate can perform worse 
than a cache with a wait state. 

A secondary difficulty with tag 
comparators in MC68030 cache de- 
signs is supporting burst-mode ac- 
cesses. The address-tag-comparator 
timing is clearly a limiting factor in 
the design of external caches for the 
MC68030. Because the burst-mode 
cycles furnish only a first address 
for the four desired long words, the 
circuit must provide autoincrement- 
ing addressing to the address-tay 
comparator and the cache-data 
RAMs. This requirement, coupled 
with the fact that burst transfers can 
occur in single clock cycles, implies 
that incrementing the addresses into 
the address-tay comparator will not 


be fast enough to support one-cycle | 


bursting. 
Organizing the cache. with a block 
size of four is a viable one-cycle 
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bursting solution. Storing a valid bit 
for each long word per tag, then, re- 
quires only checking the valid bit on 
the fly during the bursting portion of 
the burst-mode transfer. 

This approach can exploit the fast 
timing of the compare port in an 
MCM62350 or MCM62351 to store 
the valid bits. It also allows the AOI 
comparator option for the valid-bit 
comparisons to operate effectively 
(Fig. 2). 


A PAL POINTER 

The open-drain Match pins of the 
MCM62351s permit wire-ORing of 
the four address-tay outputs to the 
matching circuit and thereby the 
elimination of a fan-in gate. A PAL 
device makes possible a simple, fast 


input to this circuit by providing a 


pointer for checking only the rele- 
vant long word while bursting. The 
address tag still needs comparison, 


NO WAIT-STATE CACHE FOR FAST RAMS 


Data cache 


MC68030 


Data-bus 


address-bus 
clock 


Clock 
generator 


U 


30 MHz 


fast SRAM 
16k X 4 





Address-tag 


| comparator, 


4kx4 
(MCM4180) 


Tag comparators 
BERR 
Synchronous Termination Handshake 


CBREQ 


but only on the initial access. 

The PAL should contain a decoder 
to decode addresses A2 and A8 from 
the processor. The resulting one-of- 
four outputs then enter a shift regis- 
ter, also built into the PAL. In this 
way, the four outputs from the PAL 
provide the compare port of the sta- 
tus-bit comparator with a rotating 
pointer. In the AOI comparator, a 
single valid bit compares when only 
one of the four compare inputs is ata 
logic-one level. The other three valid 
bits become don’t cares. 

A block size of four not only allows 
single-cycle bursting to work, but it 
also saves components. Further- 
more, because address-line loading 
is reduced, the processor can drive 
its address bus more quickly. The re- 
sult is fast hardware. 

The main data-RAM issues relate 
to burst mode. They include address 
autoincrementing and data setup 


Valid bits 
comparator, 


Akx4 
(MCM62350) 


Valid bits 
comparator 





1. A CACHE SYSTEM with four XNOR-conf igured comparators and one AOI configured comparator—each with a depth of 4-kword 
entries, a 16-kword-by-32-bit cache, and a block size of four—has the lowest cost, reduced bus loading, and fast hardware. 
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he MC68030 adds a new 

bus protocol—the syn- 

chronous bus cycle—to 

the MCE8XXX family of 
processors. Like its predecessors, 
the MC68030 supports the stan- 
dard asynchronous bus protocol. 
Unlike the asynchronous bus on 
the MC68020, the 60830’s synchro- 
nous bus doesn’t support dynamic 
bus sizing. As a result, all syn- 
chronous bus cycles issue from a 
32-bit port. 

The minimum length of the 
MC68030’s synchronous bus cycle 
is two clock periods, whereas the 
MC68020 has a minimum bus cy- 
cle of three clock periods. Also, 
the MC68030 has on-chip memory- 
management functions; the 
MC68020 does not. Since an 
MC68851 memory-management 
unit requires a clock cycle to 
translate logical addresses to 
physical addresses, the minimum 
physical bus-cycle length of an 
MC68020-MC68851 combination 
requires four clock periods. The 
MC68030 bus can therefore oper- 
ate twice as fast as an equivalent 
MC68020-MC68851 system at any 
given clock frequency. 

Another feature added to the 
MC68030 bus, the burst-mode pro- 
tocol runs only in synchronous 
mode. The MC68030 has two inter- 
nal caches—an instruction cache 
and a data cache. Both have 16 
lines with a block size of four (four 
32-bit words per address tag). 
When either internal cache of the 
MC68030 records a line miss from 
a cachable area of main memory, 
the system attempts to burst four 
long 32-bit words to fill the new 
line. 

The processor places the ad- 
dress of the first long word on the 
bus and expects the return of the 
corresponding data, plus three ad- 
ditional long words, in as little as 
three clock cycles. The processor 
doesn’t change the address on the 
bus during these subsequent 
transfers. Rather, it assumes that 











ld ee 


CACHE SYSTEMS 


ASYNCHRONOUS BUS PROTOCOL 


the external memory increments 
address lines A2 and A3 in a modu- 
lo-four fashion, as if the the bus 
were operating in nibble mode. 
Thus, with no wait states, the 
MC68030 receives as many as four 
long words in just five clock cy- 
cles by using the burst-mode pro- 
tocol. Because the application’s 
characteristics affect the type of 


code the system runs, the decision 


of whether or not to use the burst, 
mode is very important. System 
designers would do well to study 
the matter in depth. 

A knowledge of the timing re- 
quirements of no-wait-state oper- 
ation is crucial to understanding 
how the MC68030’s synchronous 
bus operates (see the figure). 
When a new bus cycle starts, the 
processor delivers memory, ad- 
dresses during a system-clock 
high time, but the addresses are 
guaranteed valid only at the end 
of the clock high time. 

To avoid wait states, the Syn- 
ehronous Termination Hand- 
shake signal, /STERM, must as- 


 sert 0 ns before the rising edge of 
the next system-clock pulse. If | 


this condition is met, the proces- 
sor latches the data on the next 
falling edge of the clock. The pro- 
cessor needs a 5-ns setup time for 
the data with respect to the falling 
edge of the clock. 

If the processor requires wait 
states, /STERM can be delayed 
relative to the clock rising edge to 
allow the use of slow memories in 
the synchronous mode. This fea- 
ture applies also to burst-mode cy- 
cles. But when the processor rec- 
ognizes /STERM on a clock rising 
edge, data latches on the next fall- 
ing edge, subject, of course, to ad- 
equate setup and hold times. 

When the processor runs a 
burst cycle, it can accept new data 


with the same setup time to the. 


clock on the clock’s next three fall- 
ing edges. The processor also 
needs an 8-ns data hold time after 


the clock falls when operating at 
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25 MHz. Accordingly, if the pro- 
cessor runs burst cycles at 25 
MHz, the data must be valid dur- 
ing the bursting portion of the cy- 
cle for 13 ns of the 40-ns clock peri- 
od to meet the processor’s setup 
and hold time requirements. 

Like its predecessors, the 
MC68080 microprocessor sup- 
ports bus retries and reruns. If 
the bus-termination handshake 
STERM/, or DSACKx/, is assert- 
ed with proper setup time relative 
to a rising clock edge, activating 
BERR/ and HALT/ with a 5-ns 
setup relative to the next falling 
edge of the clock aborts and re- 
runs the current bus cycle. But 
this action results in two dead 
clocks on the bus before the bus 
cycle restarts. Nevertheless, no 
wait-state caches designed for the 
MC68030 use this technique to 
prevent the processor from latch- 
ing bad data when an external 
cache records a miss. 
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2. ORGANIZING THE CACHE with a block size of four is a viable single-cycle burst-mode solution. This approach can exploit the 
fast timing of the compare port in an MCM62350 or MCMG6235] to store the valid bits and make it possible to effectively apply the AOI 

comparator option for the valid-bit comparisons. The open-drain Match pins of the MCM62351 permit the wire-ORing of the four address-tag 
outputs to the matching circuit, thereby eliminating a fan-in gate. 


and hold timing to the processor. At 
issue is whether burst mode sup- 
ports two-cycle write timing. 

If a synchronous bus cycle is run, 
the data must set up at the processor 
without delay (in 5 ns), before the 


first falling edge of the clock after. 


the processor recognizes the 
STERM signal. If the cycle is two 
clock periods, then the time available 
to access the cache-data RAM equals 
a clock period. For a 25-MHz clock, 
the time available would be 35-ns. A 
33-MHz clock would yield a 25-ns in- 
terval. 

For single-clock burst cycles, also, 
35 ns is available for RAM accesses 
at 25 MHz. But the data hold time af- 





A THREE-CYCLE BURST READ 


Counter 
(74F191) 


Avis 


ter a clock low at 25 MHzis merely 15 
ns. That short time interval calls for 
very fast output-enable SRAMs, 
such as the MCM6290. 

To support the burst mode, a 
74F191 counter, inserted in series 
with A2 and A3 address pins, gives 
two incremental addresses to the 
cache-data run for autoincrement 
addressing. Unfortunately, the pro- 
cessor’s data-hold-time require- 
ments prevent this scheme from 
working. Besides, the counter’s la- 
tency in a parallel-load mode re- 
quires a RAM faster than 35 ns. 

A MCM6295 synchronous SRAM 
as the cache-data RAM, with one 
74F 191 counter, readily supports sin- 
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3. AN MCM6295 SYNCHRONOUS SRAM, a cache-data RAM with one 74F191 


counter, readily supports single-cycle bursts. 
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gle-cycle bursting (Fig. 3). Latching 
the data outputs when the synchro- 
nous SRAM clock is low resolves the 
issue of data-hold time. Further- 
more, once the synchronous SRAM 
clock drives high, the addresses into 
the device are registered and can be 
changed for the next access in the 
burst sequence. 

When the MC68030 performs a 
two-clock write cycle, the data and 
address sent to the RAMs are simul- 
taneously valid for only a half clock 
period. For clock frequencies over 25 
MHz, this time isn’t adequate to com- 
plete a write cycle in typical fast stat- 
ic RAMs. In that case, it’s necessary 
to insert a wait state.0 


Richard Crisp led the design team 
for the Motorola cache-tag compar- 
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MC69000, MC658020, and the Intel 
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ENHANCING SYSTEM PERFORMANCE 
USING SYNCHRONOUS SRAMs 
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Austin, TX 78721 


INTRODUCTION TO SYNCHRONOUS 
SRAM ARCHITECTURE 


Fast static RAMs (FSRAMs) are commanding a lot of at- 
tention from today’s high performance system designers who 
frequently find that the speed of their system is limited by the 
performance of FSRAMs on the market. As 32-bit micropro- 
cessor-based systems become faster and more prevalent, the 
demand for sub 25 ns FSRAMs will grow even more. 

FSRAMs are the driving force behind semiconductor tech- 
nology today: they have the smallest circuit features—as low 
as 0.8 micron from some manufacturers— and use special pro- 
cesses like double-level metal and BIMOS. The Fast SRAM 
has come a long way from its slower ancestors like the 1K x 4 
Model 2114. The ease of use and dependable performance 
that resulted from the asynchronous performance of SRAMs 
have been replaced by the raw speed which is pacing today’s 
demand; however, FSRAMs are still expected to meet the 
basic SRAM specifications for pure asynchronous perfor- 
mance. This dichotomy has caused problems as chip designers 
come up with more innovative ways to speed up their circuits. 
Address transition-detection circuitry, for example, caused a 
number of problems when first introduced in 2K x 8 FSRAMs 
under certain system conditions. With such advanced tech- 
nology being used and the cost of manufacturing these chips 
so high, Motorola has developed an alternative to a high-tech 
15 ns access SRAM that uses conventional technology. 

Motorola’s newest SRAMs are the first to fully embrace the 
primary purpose of Fast SRAMs. They totally abandon the 
previous definition of asynchronous SRAMs. They have the 
requirement of a clock signal, and are, therefore, Synchronous 
SRAMs. They have separate pins for input and output data, 
and do not specify standby power. 

Motorola offers four different 65,536-bit Synchronous 
SRAM family members organized as 16K x4: Models 
MCM6292, MCM6293, MCM6294, and MCM6295. The tech- 
nology used for their implementation is the fast, low power- 
consuming, and noise-immune HCMOS Iil, which uses a sil- 
icon gate for its fabrication. One of the main advantages to 
using these devices is that they can be designed into system 
cache-memory or writeable control-store applications with 
fewer interfacing glue-type parts than the standard SRAM 
memory. Among the reasons for this are the integrated input 
and output latches that are capable of driving loads up to 130 
pF. Due to the increased operating speed of the device and 
the additional output-buffer loads, an extra ground pin has 
been placed on the chip. 

Four different devices have been specified so that all com- 
binations of the output-latching and output-enable features 
are in the offering. The MCM6292 comes equipped with latches 
that are edge triggered on the inputs but transparent on the 
outputs. To support systems with pipelined data, the 
MCM6293 is offered with edge-triggered latches on both the 
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inputs and outputs. The MCM6295 and MCM6294 are output- 
enable versions of the two basic parts. All of the Synchronous 
SRAMs come with separate data-in and data-out pins; how- 
ever, some systems specify a more conventional common 
1/O mode, and the asynchronous output-enable control (G) 
which replaced the S signal on these parts can be helpful in 
such a case. 


In many designs using SRAMs, there is actually extra time 
during the cycle that is being wasted. In more critical appli- 
cations, the Synchronous SRAM offers an alternative to the 
conventional SRAM. An external clock input (K) can be used 
to precisely control the cycle by directing the operation of the 
on-chip latches. 

The designer of small personal computer systems can use 
the Synchronous SRAM in a number of storage areas. One 
of the primary applications, cache memory, is high-speed 
memory that resides between the central processing unit (CPU) 
and the main memory of the system. Accesses to this fast 
cache typically require 60 ns versus the 200 ns needed to 
perform an access to main memory. One way the cache is 
used is to store data or instructions from main memory that 
are frequently called for by an application. As an example of 
this, higher-level languages often use repetitive loops: by stor- 
ing the data necessary for these repeated operations and in- 
structions in the cache, accesses to the main memory can be 
avoided. 

A typical system is illustrated in Figure 1. It is configured 
as a cache memory residing between the CPU and the system 
bus. The system bus links the main memory and |/O devices 
to the CPU by way of the cache. 





Figure 1. A primary synchronous SRAM application is 
high-speed cache memory residing between the CPU 
and the main memory of a personal computer system. 
Accesses to the cache typically require 50 ns, whereas 
main memory takes 200 ns. 
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In operation, there is one set of locations in. which data is 
stored and another set of locations containing a cache tag for 


each word in the cache. The cache tag identifies the main - 


memory location with which the data is associated. A com- 
parison is made between the cache tags, which are located 
in the cache memory, and the address, which is generated by 
the microprocessor at the beginning of a cycle. If a cache tag 
and the address match, there is no access made to main 
memory, but instead the read or write cycle is executed on 
the corresponding byte of data stored in the cache. When the 
address does not find a match, a miss occurs, and new lo- 
cations must be read into the cache from main memory. 

A cache miss is the result of a mismatch between the cache 
tag and the desired address to be accessed by the CPU. When 
this occurs, the system logic is allowed to perform a retry of 
the previous access. The appropriate address is accessed from 
main memory. Following an update of the cache, the data is 
then available for processing. : 

The cache hit rate is the actual percentage of accesses made 
to the cache in which the requested address is resident. In 
order to keep the hit rate as high as possible, a variety of 
software routines are used. The function of these routines is 
to keep the cache as full as possible with the most frequently 
used data. In so doing, the cache hit rate for both the data 
and instruction caches will be maximized, increasing overall 
information throughput. | 

The Harvard architecture, an efficient method used in many 
current day applications, is characteristic of a configuration 
which supports parallelism throughout a system. Synchronous 


SRAMs can be organized as relatively smail external caches | 


connected to the data buses and instruction paths located 
between the CPU and main memory. This will allow simul- 
taneous instruction execution and data prefetches. The ex- 
ternal. cache demonstrates another system speed en- 
hancement capability of these devices. 


ADDRESSING CONSIDERATIONS FOR 
READ/WRITE CYCLES 


To better understand the Synchronous SRAM’s addressing 
capabilities in regard to read and write cycles, refer to Figure 
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2. In this illustration, there are four MCM6292 synchronous 
SRAM devices configured to operate on a 16-bit data bus. 


~ Each memory has four data inputs and four data outputs to 


allow the transfer to data. The address bus consists of 14 
address bits, AO-A13. These 14 bits are required to decode 
and access the 65,536 memory locations of each device. The 
memory matrix is configured as 128 rows by 512 columns. The 
system clock is connected to the (K) input of each memory 
and used to latch all inputs, outputs, write enable, and chip 
select. 

In Figure 3, there are two different read-cycle timings being 
represented for the MCM6292 (transparent output latches). 
Both are examples of systems that use the rising edge of (K) 
to latch all inputs to the memory device. The states of the 
outputs are then held until the clock makes its transition to 
the low state. With this Synchronous SRAM, however, it is 
possible to have different memory access times, depending 
upon the condition of the clock (K). If the clock pulse is high © 
for less than the 25 ns access time of the memory device, the 
total access time is rated at tk HQy or 25 ns (Read Cycle 1). 
On the other hand, if the high portion of the clock cycle lasts 
longer than 25 ns, the total access time becomes tx, gy (10 
ns maximum) plus the length of the clock high (Read Cycle 
2). 

Figure 4 has been included to show the timing of a write 
cycle. The timing of a write operation is similar to that of the 
previously discussed read cycle. One point to consider is that 
to generate a write pulse, there is no requirement for complex 
external interfacing chips. This is accomplished through the 
self-timing mechanism which samples both the write enable 
and input data when (K) rises. A high-impedance state is 
entered when the clock returns low. 


MPU AND MEMORY SPEED CONSIDERATIONS 
AT A SYSTEM LEVEL 


One consideration worth mentioning is that many memories 
are not able to keep up with very high-speed MPU control 
devices. This has been a problem with DRAM technology for 
a number of years. MPUs operating at clock speeds of over. 
20 MHz are common in both business and engineering systems 
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Figure 2. An array of synchronous SRAMs is configured for a 16-bit data bus. Each MCM6292 has four data inputs, 
four data outputs, and fourteen address lines. 
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READ CYCLE 1 (See Note 1) 
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READ CYCLE 2 (See Note 2) 
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NOTES: 
1. For Read Cycle 1 timing, clock high pulse width <(txHOQVy—-tKLQvV)- 
2. For Read Cycle 2 timing, clock high pulse width 2=(txHaV—tKLav)- 


Figure 3. If the system’s clock high, tkHKL. is shorter than the MCM6292’s 25 ns access time, then the total access 
time will be 25 ns. However, if tx HKL is longer than 25 ns, total access time is increased. 
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Figure 4. In a write cycle, the self-timing mechanism of the MCM6292 samples both the write enable and the input 
data when the clock signal, K, rises. 


in use today; therefore, 25 ns Synchronous SRAMs are ideal 
to operate with zero wait states. 

Wait states are implemented with slower SRAMs and most 
DRAMs to freeze the state of the microprocessor address and 
data bus for a clock cycle. As long as the signal controlling 
wait states is asserted, more wait-state periods will be gen- 
erated. The microprocessor resumes operation when the wait- 
state signal is negated. . 

The alternative to implementing a wait state to halt the 
microprocessor for a slow memory device is to use the much 
faster Synchronous SRAM. Its timing parameters can be more 
exactly controlled, making the system operate more efficiently. 
Faster data throughput plus an improvement in overall system 
performance make the Synchronous SRAM cache a very cost- 
effective solution in a microprocessor-based system. 

When performing read and write operations in a personal 
computer system, the timing relationship between a high- 
speed microprocessor’s system clock and a typical Synchron- 
ous SRAM‘s cycle time constraints is very critical. These op- 
erations could be as simple as inputting console information 
for CRT display outputs or as complex as supporting multi- 
tasking environments or concurrent execution of operations. 

High-performance microprocessor systems with operating 
frequencies of 20-25 MHz are a realistic timing example being 
offered today. For microprocessors capable of operating at 
these speeds, a 25 ns Synchronous SRAM is idealiy suited. 
These devices not only provide precise clocked timing control, 
but also will support applications requiring system clocks run- 
ning at over 30 MHz. This can be accomplished without in- 
curring any degradation of the processor by inserting wait 
states. 


WHAT'S TO COME FROM 
SYNCHRONOUS SRAMs 


Very high cache hit rates can be attained from a relatively 
small cache store. The high-rate efficiency is primarily due to 
the fact that the cache is located external to the CPU rather 
than actually being an on-chip cache, as is the case with some 
high-performance microprocessors. 

In addition to the popular high-speed cache-memory appli- 
cations, Synchronous SRAMs are also ideal for writeable con- 
trol store environments. Data can be downloaded into a 
Synchronous SRAM array, and the information can be ac- 
cessed at very high speeds— much faster than from a DRAM 
array. 

Memories are taking on new roles. Because of this, they 
are being used in a wide variety of application areas and op- 
erating to support functions previously not possible. Future 
Synchronous SRAM devices will be even more complex and 
some will very likely contain higher degrees of intelligence. 
Many will be designed with special system functions in mind. 
Higher-speed operation working from lower voltage sources 
is just one example. There will be enhancements allowing the 
designer more flexibility and enabling him to reach supercom- 
puter performance. 

Current-day static memories support numerous applica- 
tions. The synchronous SRAMs discussed above will be of- 
fered in 300-mil, 28-lead CERDIP and 400-mil, 28-lead plastic 
SOJ packages. These configurations satisfy the requirements 
of most systems presently. As chip integration and sophisti- 
cation continue to advance, the packaging technology will also 
need to advance to promote future innovations within the 
industry. . . 

For more information on MCM6292-series synchronous 
SRAMs, contact Memory Marketing at Motorola, Inc., MOS 
Memory Products Div., P.O. Box 6000, Austin, TX 78762. (512) 
928-6700. | 
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USING SYNCHRONOUS SRAMs 
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Senior Memory Designers 
Motorola Inc. 
3501 Ed Bluestein Bivd. 
Austin, TX 78721 


INTRODUCTION 


The market for semiconductor memory products suitable 
for today’s high speed cache applications is changing dra- 
matically as the demand for higher performance super mini, 
ASIC, and microprocessor based computers rapidly increases. 
This development has put heavy pressure on MOS memory 
suppliers for faster and faster static RAMs to support shorter 
and shorter processor cycle times. To utilize their full system 
performance, fast SRAMs require precise system control, long 
address hold times, and have tight write pulse requirements. 
They provide short data valid time, cause common I/O data 
contention, and offer low drive capability. Todays high per- 
formance processors themselves have similar |/O require- 
ments. Therefore system designers have many concerns when 
designing a fast memory subsystem. They must use additional 
logic (latches, drivers, pulse generators, etc.) to allow the 
memory subsystem to interact efficiently with the processor 
at the fastest system cycle times. 

A solution to get the memory and the processor to work 
well together at fast cycle and access times lies not only in 
faster components, but in minimizing the need for external 
glue logic and its associated delays. The Synchronous Static 
RAM is defined as having on chip latches for all its inputs and 
outputs, added drive capability, and a self timed write cycle 
ail under the control of the system clock. This eliminates the 
need for most external logic chips and allows the memory to 
run at higher system speeds than standard SRAMs with com- 
parable access times. 

This paper outlines the basic architecture of a Synchronous 
SRAM that Motorola plans to introduce in the first half of 
1988. We will highlight its advantages over standard SRAMs 
in high frequency computer system operation. This is followed 
by an application example for a MC68030 cache subsystem. 


ARCHITECTURE AND OPERATION 


ARCHITECTURE 


A block diagram of the 16K x4 Synchronous SRAM is 
shown in Figure 1. This diagram shows all inputs, outputs, 
and control signals (W, S, and K) to the part; addresses (A0- 
A13), data in (DO-D3), data out (Q0-Q3), clock (K), chip select 
(S), and write enable (W). All inputs, outputs, write enable, 
and chip select are latched by the clock. 

The latches are one of two types, either positive edge trig- 
gered or transparent. The positive edge triggered latches are 


latched by the rising edge of clock (K). The transparent latches 
are frozen when the clock is in the high state and open when 
it is in the low state. Our parts feature two of the possible 
combinations of input and output latches. The first part, the 
MCM6292, features edge triggered latches on the inputs and 
transparent latches on the outputs. Our second part, the 
MCM6293, has edge triggered latches on both inputs and 
outputs, to aid in pipelining data. 

The output buffers on all of our parts are capable of driving 
130 pF loads. The output buffers were designed to drive this 
load because in some systems the latches that they replace 
would be required to drive a comparable size load. Due to the 
size of load that the output buffers must drive, and the speed 
at which the part operates, we have added an extra ground 
pin (Vssq). This pin is the ground connection for all of our 
output drivers, and allows us to drive our outputs harder and 
also gives us noise immunity on the ground bus. 

For systems that require a common 1|/O configuration we 
expect to offer the MCM6295 and the MCM6294, which are 
the MCM6292 and the MCM6293 with an asynchronous output 
enable (G) option. These parts, the MCM6294 and the 
MCM6295, replace the chip select (S) buffer with an asyn- 
chronous output enable (G) buffer. 


OPERATION 


The operation of these parts is much the same as a standard 
16K x 4 SRAM except for the fact that the inputs and outputs 
are latched and the cycle begins with the low to high transition 
of the clock. The following examples will concentrate on a 
read and write cycle for both the MCM6292 and the MCM6293. 
The MCM6294 and MCM6295 read and write cycles are the 
same as the MCM6292 and the MCM6293 except that the 
outputs can be put into a high impedance state at any time 
by using output enable (G). 

During a read, see Figure 2, all inputs are latched into the 
part at the rising edge of the clock (K) in both the MCM6292 
and the MCM6293. For the MCM6292, when clock goes high, 
the outputs become latched and are held in that state until 
the clock falls low. Since the output latches are transparent, 
during clock low time, there are two possible access times, 
tKHOQV and tkLay. These access times are dependent upon 
the high pulse width of the clock. If the high pulse width is 
less than the access time of the memory array the longer 
tKHQV spec is the clock access time. However if the clock 
high pulse is longer than the memory array access time, the 
clock access time becomes txLqy. For the MCM6293 the 
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Figure 1. Synchronous SRAM Block Diagram 


outputs transition only when the clock switches from low to 
high. The output data that is latched during the low to high 
transition of the clock is the data from the previous read cycle. 

For the write cycle, see Figure 3, all inputs are handled in 
the same manner as in the read. Since both write enable and 
the input data are sampled on the rising edge of the clock the 
write becomes self timed. This eliminates the need for complex 
off chip write pulse generating circuitry. The outputs are put 
in a high impedance state tx_Qz after the clock falls low for 
the MCM6292. In the MCM6293 the output buffers will not 
go into a high impedance state until the low to high transition 
of the clock at the beginning of the next cycle. The MCM6294 
and the MCM6295 allow the user to put the output buffers 
into a high impedance state asynchronously by using the out- 
put enabie input. This allows the user to put the output buffers 
into a high impedance state earlier in the cycle, which eases 
the data contention problem when the part is used ina common 
1/0 system configuration. 


SYSTEM ADVANTAGES (SRAM vs SSRAM) 


SYSTEM DESCRIPTION AND TIMING 


Figure 7 shows two examples of a 16K x 32 bit memory using 
standard parts. The systems shown require eighteen parts 
each, ten latches and eight 16K x 4 SRAMs, to implement the 
same function as eight synchronous SRAMs and no glue logic. 

The functional equivalent of a MCM6292 is the standard 
16K x 4 SRAM with edge triggered latches on the inputs and 
transparent latches on the outputs, as shown at the top of 
Figure 7. The parts used in this example are six ’F374 octal 
D-type flip flops, four ‘F373 octal transparent latches, and eight 
6288 16K x 4 SRAMs. The predicted timing diagram for the 
system is shown in Figure 4. This timing diagram compares 
the predicted system access with that of the MCM6292. In the 
timing diagrams an approximate skew of 5 ns was added to. 
the address timing to allow for some propagation delay from 
the MPU or CPU. For the purpose of comparison, three timing 





MOTOROLA MEMORY DATA 


13-46 


HIGH FREQUENCY SYSTEM .. . (AR258) 


tKHKL tKLKH tKHKL tKLKH 
K | K 
tKHKH tKHKH 
tSVKH tSVKH 
5 [SKKKXY SXKKKD sR KXXKKOD) 
tWHKH tWLKH poe ont 
rv v : v — ‘vy, 
W OX KX KX xX XK XK KY W AXXX XXX AXXXXXXD 
tAVKH taVKH—}<¢——>4 
tKHAX tKHAX 
KAKI 
A fa) XXX) XXKKXY) A) =XXKXKXKK att) RXXKXY 


tDVKH 
'KHDX 


MCM6292 TRANSPARENT OUTPUT LATCHES 
po-D3 id) ~~» XXXX XXX) COCALY 





MCM6292 TRANSPARENT OUTPUT LATCHES 
K 
Q0~03 tKLOZ 
Q0-03 Q (a—1) 


MCM6293 EDGE TRIGGERED OUTPUT LATCHES 


Q0-03 4 (a—2) 





NOTE: Both MCM6292 and MCM6293 are available with an a0-03 __O(a=2) 


asynchronous G option. NOTE: Both MCM6292 and MCM6293 are available with an 


Figure 2. Read Cycle Comparison asynchronous G option. 


Figure 3. Write Cycle Comparison 
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Figure 4. Standard SRAM vs MCM62$2 Timing Diagram 
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parameters were calculated, tcyc (cycle time), tayaqy (ad- 
dress valid to data out valid time), and txqy (address clock 
valid to data out valid time). The equations used to calculate 
each of the timing parameters for the standard SRAMs are as 
follows: | 
tcyc=Ta+Tb—Tc 
tKov =Ta+Tb+Td 


tavov = skew + setup+Ta+Tb+Td . 


The equivalent timing parameters for the MCM6292 can be 
determined as follows: 
tcyc=Tb 
tkKav=Tb 
tavav = skew +setup+Tb . 


The equivalent circuit for the MCM6293, as shown at the 
bottom of Figure 7, is a 16K x4 SRAM with positive edge 
triggered latches on both inputs and outputs. For this example 
the parts used are, eight 6288 16K x 4 SRAMs and ten ‘F374 
octal D-type flip flops. The timing diagrams for this example 
are shown in Figure 5. The equations for calculating the timing 
parameters are as follows: 

Standard SRAMs: 

tcyc=Tat+Tb-—Te 
tkav =Ta+Tb+Td+Te 


tavov = skew + setup + Ta+ Tb+Td+Te 


MCM6293: 


SYSTEM COMPARISONS 


The timing parameters for the 25 ns 16K x 4 synchronous 
SRAMs and the equivalent circuits using 25 ns SRAMs are in 
Table 1. Also in Table 1 are timing parameters for other systems 
using progressively faster and more expensive SRAMs. From 
this table it can be determined that if either taygy or tkav 
were the most important timing constraints a much faster 
SRAM would be needed to match the performance of the 
synchronous SRAM. For the performance of the system built 
with standard parts to match the performance of the 25 ns 
MCM6292, it would be necessary to use a 10 ns SRAM. Sim- 
ilarly, if the system used 25 ns MCM6293s the equivalent sys- 
tem made from standard parts would require 15 ns SRAMs. 

Another important advantage of the synchronous parts over 
standard parts is the board level chip count; 18 parts are nec- 
essary when using standard SRAMs while only 8 parts are 
needed for the synchronous SRAM implementation. This is 
critical when board space is an important factor. Also, the fact 
that data and write enable are sampled on the rising edge of 
the clock, eliminates the need for complex write pulse gen- 
erating circuitry. Finally, in order to get the high speed per- 
formance out of standard SRAMs, it requires precise timing 
and phase control of two clock signals (K1 and K2), while in 
the synchronous part only one clock (K) is needed. 


APPLICATION: MC68030 CACHE SUBSYSTEM 


The Synchronous SRAM combined with the Motorola 
MC68030 microprocessor illustrates the potential of this ad- 
vanced memory architecture. The high frequency performance 
of microprocessors like the MC68030 can be impaired by having 


STANDARD SRAM WITH EDGE TRIGGERED LATCHES ON {NPUTS AND OUTPUTS 
(tayay = 54 ns, teyc = 25 ns) 


: tcyc=Tb 
tKav=Tb+Te 
tavov = skew + setup + Tb+ Te 
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MCM6293 SYNCHRONOUS SRAM (tayqy=45 ns, teyc = 25 ns) 


SKEW HOLD 


5 ns "|, SETUP na si 
5 ns 12 ns 


-5 ns 3 ns 
af 


Al Ree ALAM ATX OOK tat XXX 


XXX) (a+2) 


| I cecal 


25 ns (Tb) 


Qt (0-3) QL (a—2) 





10 ns (Ta) 
QL (a) 


NOTE: AT—Address generation and transition time. 
Figure 5. Standard SRAM vs MCM6293 Timing Diagram 
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PROCESSOR 
ADDRESS BUS 









NIBBLE 
ADDRESS 


FROM CACHE 
CONTROLLER 


SYSTEM CLK 
Figure 6. MC68030 Burst Read Addressing 


to wait for slow memory to respond. For this example we will 
use a 16K by 32-bit cache system running at frequencies of 
up to 33-1/3 MHz. This does not mean that you can purchase 
MC68030 processors today at this speed, only that our 25 ns 
SSRAM will support this processor up to that speed. The 
MC68030 timings used for this example are extrapolated from 
the current 16.67 and 20 MHz specifications that exist today 
and are not intended to be the official specifications. 

We will exploit the processor's burst read cycle which sup- 
ports burst filling of its on-chip instruction and data caches, 
adding to the overall system performance. The on-chip caches 


are organized with a block size of four long words, so that 
there is only one tag for the four long words in a block. Since 
locality of reference is present to some degree in most pro- 
grams, filling of all four entries when a single entry misses can 
be advantageous, especially if the time spent filling the ad- 
ditional entries is minimal. When the caches are burst-filled, 
data can be latched by the processor in as little as one clock 
for each 32 bits.1 

The timing diagram shown in Figure 8 shows a burst read 
cycle (four 32-bit words read) in a 3-1-1-1 clock cycle config- 
uration. The first word is read in 3 clock cycles and the re- 
maining three words are read in one clock cycle each. The 
burst read cycle begins with a cache burst request (CBREQ) 
from the processor followed by a cache burst acknowledge 
(CBACK) from the memory controller. This means the pro- 
cessor is requesting a burst cycle and the accessed memory 
can comply. During the burst cycle the processor supplies the 
starting address in the normal synchronous fashion and holds 
it valid until all four long words are read. It does not provide 
the next three addresses required to complete the burst fill, 
so they must be generated off chip. For this example we used 
a ‘F191 counter whose control signals, PL and CE, are gen- 
erated in a cache controller. The clock input, CP (CLK), is the 
opposite phase of the system clock. The SSRAM operates 
with the same inverted system clock (CLK) and receives its 
addresses from two sources; A2-A13 are supplied from the 
processor’s address bus, and AO-A1 are supplied from the 
"F191 counter to allow nibble counting as shown in Figure 6. 





STANDARD SRAM WITH EDGE TRIGGERED LATCHES ON INPUTS AND 
TRANSPARENT LATCHES ON OUTPUTS 
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Figure 7. Standard SRAM Implementations 
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Table 1. Timing Comparisons Between SSRAMs and SRAMs 






| tcye | 25ns | 25ns | 







The timing begins with the request, the acknowledgment 
and the generation of the first address. This address is used 
to access one of the four long words. Two low order address 
signals from this address must also be loaded into the counter. 
At the beginning of the cycle the parallel load signal for the 
counter is enabled, the address is then loaded in and the PL 
signal can be disabled. The counter will provide the memory 
this first address a propagation delay later and then increment 
it on successive clock edges to supply the memory with the 
remaining three needed addresses. After receiving all four 32- 
bit words the processor is free to continue. 

A similar system built using standard MCM6288 (16K x 4) 
type SRAMs would require the use of off-chip input and output 
latches (’F373 or ‘F374 type) in addition to the counter. It 
would require four chips to perform the latching function for 
32-bit data in, and four chips to latch the 32-bit data out, for 
a total of eight additional 20 pin packages added to the memory 
PC board. This standard SRAM cache system would also 
require additional logic in the cache controller to support the 
write pulse, associated write enable and data in timing for 
write cycles, and the generation of a second clock (LE or CP) 
to separately control the input and output latches. To attain 
the cache system speed of 33-1/3 MHz would require a SRAM 
access time of approximately one bin faster than the SSRAM. 
In addition the external glue logic would have to be faster than 
what is currently offered in the 74F series logic. 


26 ns 26 ns 20 ns 
SSRAM SRAM SRAM 
Timings 
Trans. | Edge Trig. | Trans. | Edge Trig. | Trans. | Edge Trig. | Trans. | Edge Trig. | Trans. | Edge Trig. 
Output Output Output Output Output Output Output Output Output Output 
tavav_ | 35ns | 45ns_ | S0ns | S4ns_ | 45ns | 49ns_ | 40ns | 44ns_ | S5ns |  39ns | 
| tkav | 25ns | 35ns | 43ne | 43ns | gens | ans | 33ns | 33ns | 28ns | 28ns 






SUMMARY 


There are many applications for high-speed Synchronous 
Static RAMs. The integration of latches, self timed writes, bus 
drive capability, and clock control greatly simplifies system 
level implementation and ease of use. These features will allow 
SSRAMs to continue to support higher frequency system op- 
eration. Depending on the application, Synchronous Static 
RAMs can provide up to a 10 to 15 ns improvement in system 
access time over SRAMs that spec the same chip speeds. 
They save precious board space by reducing the chip count, 
and simplify controller design for latch control and write cycles. 
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Key to higher throughput is a 
synchronous clocked architecture and 
on-chip I/O latches; the combination 

cuts interconnection delay by up to 20 ns 





by Bernard C. Cole 
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1. ASYNCHRONOUS. Using asynchronous SRAMs, designers of high-performance synchro- 
nous systems must incorporate latches on the inputs and outputs, adding 15 to 20 ns of delay. 





AR256/D 


ngineers at Motorola Inc.’s MOS Memo- 

ry Products Division are taking a radi- 

cally different approach from the cur- 

rent asynchronous architecture for stat- 

ic random-access memories. They are developing 

a synchronous architecture the company claims 

will improve system throughput by as much as 

40% and will reduce system component count by 
as much as 50%, 

The keys to the Austin, Texas, division’s new. 
architecture are: replacing the traditional self- 
clocked address-transition-detection circuitry, 
found in conventional asynchronous SRAMs, with a 
synchronous clocked architecture, and adding criti- 
cal input and output latches on-chip. The combina- 
tion of these features eliminates as much as 8 to 
10 ns of interconnection delay on input and on 
output, says William Martino, the division’s design 
manager for specialized memories. It also elimi- 
nates circuitry often required to make asynchro- 
nous devices appear synchronous in high-perfor- 
mance cache-memory systems, which depend 
heavily on the synchronization of critical timing 
parameters. Also incorporated on the 
chip are drive transistors capable of 
driving buses with capacitive loads 
of up to 130 pF without additional 
external circuitry. Motorola design- 
ers also enlarged the geometries to 
increase the inherent drive capability 
of the devices. 

The new architecture has been in- 
corporated into four initial products 
that are members of a new family of 

-16-Kbit-by-4-bit SRAMs with cycle 


Vo PORT times ranging from 25 to 35 ns and 


access times in the 10 to 35 ns range. 
This equals that of comparably sized 
asynchronous SRAMs fabricated with 
the same 1.5-~m double-metal CMOS 
process [Electronics, Aug. 7, 1986, 
p.81], says Frank Miller, synchro- 
nous SRAM project leader at the divi- 
sion. But Miller emphasizes that the 
elimination of as much as 20 ns of 
interconnection delay can almost 
double system-level performance. 
Motorola expects to offer sam- 
ples of the four clocked synchro- 
nous SRAM parts within about a 
month and plans to be in volume 
production by the end of the fourth 
quarter. Two of the devices, the 
MCM6292 and 6295, incorporate 
level-sensitive transparent latches, 





Reprinted from Electronics, July 23, 1987, issue. Copyright ©1987, McGraw-Hill, Inc. All rights reserved. 
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whereas the MCM6293 and 6294 use positive 
edge-triggered latches. Also the 6294 and 6295 
each have an output enable pin that allows 
the user asynchronous control of the output 
buffers, allowing the parts to be used in com- 
mon I/O at the board level. All the devices fea- 
ture an active ac power dissipation of 600 mW. 
and an active dc power of only 100 mw. 

The advantages of Motorola’s new family of 
synchronous SRAMs outweigh the advantages of 
asynchronous devices, Martino says. In asyn- 
chronous devices, great reliance is placed on ad- 
dress-transition detection, a self-clocking scheme 
that uses the address-signal transition, or edge, 
as a reference to synchronizing all operations on 
the chip to that signal. Martino says that asyn- 
chronous SRAMs are widely used because they 
allow and recognize address changes at any 
time. As a result, no external global clock is 
necessary to access data, making them easy to 
use. Also, compared with dynamic RAMs, asyn- 
chronous SRAMs take much less external circuit- 
ry, says Miller. Because they are free-running, 
the addresses can be changed whenever needed, 
and they are very easy to control. 

Although they are easy to use, asynchronous 
SRAMS must be surrounded by considerable ex- 
ternal logic (see fig. 1) in many applications in 
high-performance processor systems such as 
writable control stores, data caches, and_cache- 
tag memories [Electronics, June 11, 1987, p. 78] 
that require synchronous operation. The extra 
circuitry imposes a considerable performance 
penalty, and that can be a problem in cache 
applications in particular, says Martino, where 
the speed of memory typically must be at least 
an order of magnitude faster than main memory. 
Also, for a cache to work properly, critical tim- 
ing relationships must be preserved 
so that a variety of simultaneous 
operations can be coordinated, such 
as searching the tag store, getting 
data out of cache, and replacing 
proper entries in the cache. The 
added delay of the external logic 
can make it difficult to preserve 
these relationships. 

When system speeds were in the 
200-ns range, Miller says, the addi- 
tional 10-to-20-ns penalty of this ex- 
ternal logic could be tolerated. “But 
with processor speeds improving so 
dramatically, now pushing below 
100 ns toward 50 ns, this is a penal- 
ty that is critical, especially since 
the speed of the external logic has 
not kept pace with the improve- 
ments in speed at the chip level.” 

Depending on the type of regis- 
ter involved and the process used, 
the delay time, even with high-per- 
formance logic families, can be re- 
duced to no more than 7 to 10 ns, 


says Martino. As a result, most speed improve- 
ments have come by pushing the speed of the 
memory chips themselves. But, as processors 
speed up, memories with sufficiently low access 
times are getting harder and harder to produce 
inexpensively, Martino says. Current 25-to-35-ns 
asynchronous SRAMs are barely adequate, he 
says. And newer processors will require a sys- 
tem throughput of no more than 35 to 40 ns. For 
such throughputs, SRAMs must be pushed to be- 
low 10 ns, only achievable now with bipolar and 
biCMOS circuits, but at much higher power. 
“However, even if parts are pushed down to 1 ns 
and under, there is still that 10 ns on the input 
and another 10 ns on the output to deal with,” 
says Martino. 

The most important element in Motorola’s new 
SRAM architecture (see fig. 2) is the incorporation 
of the external input and output latches neces- 
sary for synchronous operation on board. This 
design considerably simplifies system design and 
reduces interconnection delay. “By pulling all of 
that glue logic on board, it is no longer necessary 
to drive a large bus to TTL levels,” says Martino. 
“It is now done on-chip, reducing the 10-ns delay 
down to picosecond levels. This allows the use 
of a 25-ns part for a 25-to-30-ns bus, rather than 
using more expensive, power-hungry 10- and 15- 
ns parts for the same chore.” 

The Motorola architecture uses address-input 
latches to hold the addresses so that the proc- 
essor does not have to hold the addresses valid 
for the entire cycle. A similar function is served 
by the data latches on the input. The latches 
on the output, however, serve a dual function. 
First, they provide a longer setup and hold 
time over which the data is valid on the bus, 
necessary in most processing systems. With a 
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2. SYNCHRONOUS. By incorporating latches and drivers on-chip, Motorola’s synchronous 
SRAM reduces chip count by more than 50% and reduces interconnection delay. 
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standard SRAM at minimum cycle time, that time 
is about 5 ns without any external latching. This 
is not enough time for most systems, which re- 
quire the data to be on the bus for at least 15 to 
20 ns, for the processor to receive the valid data. 
The other function of the latches is to provide 
the extra drive needed to drive the buses with 
capacitive loads of up to 130 pF. 


The designers of the new SRAMs have 
eliminated the address-detection-transition 
circuitry; now they use on-chip clock input 
for a synchronous clocking scheme 





Also incorporated on-chip to support the syn- 
chronous operation of the latches is a clock input 
that controls when the latches are transparent 
and when they are brought into play. Usually 
this clock input is a derivative of the system 
clock; that is, the latches are controlled by the 
edge of the system clock. 

The Motorola designers have eliminated the 
address-detection-transition circuitry in the new 
SRAMs. Instead, they use the on-chip clock input 
to incorporate a synchronous clocking scheme in 
which the necessary address, data, chip-select, 
and write-enable information previously brought 
on board the chip by the address-detection-transi- 
tion circuitry is now accessed at the beginning of 
the cycle in reference to the external clock, 
rather than to the address edge as in the asyn- 
chronous scheme. The technique, says Martino, 
is similar to how a DRAM brings in its addresses 


with setup and hold times in relation to a read- 
access or column-access signal input. ‘Since this 
device employs a clock with a high-going edge at 
the beginning of each cycle, it is no longer neces- 
sary to detect address- transitions,” he 
says. “The system will tell the chip when to 
supply the necessary information by providing 
the clock at the appropriate time.” 

To eliminate the external drive circuitry, the 
inherent drive capability of the devices was in- 
creased fourfold, says Miller. So Motorola de- 
signers enlarged the geometries used to fabri- 
cate the pull-up and pull-down transistors, typi- 
cally on the order of 1,500 um wide, compared 
with 400- to 600-1m widths on the standard 30-pF 
devices, and as small as 6 um in the memory 
array and 80 pm in the peripheral circuitry. 
Moreover, to achieve higher speed in spite of the 
higher drive currents, n-channel devices, which 
are only output devices, were used rather than 
the slower p-channel devices. Furthermore, these 
output devices were speeded up by incorporating 
a separate ground-supply pin for the output driv- 
ers. “This allowed us to burn more current in 
the output drivers without corrupting the opera- 
tion of the rest of the circuit,” Miller says. 

Although this required a substantial increase 
in the area devoted to the drive circuitry, the 
chip size, 146 by 404 mils, is not substantially 
larger than comparable 64-Kbit asynchronous 
SRAMs. The extra area required for the larger 
drivers and for the internal clocking circuitry is 
offset by the area eliminated by removal of the 


_address-transition-detection circuitry required on 


asynchronous parts, Martino says. 


INGENIOUS SRAM DESIGN WAS DONE IN REMARKABLY SHORT TIME 





For a memory device of such complexity 
and ingenious design, Motorola’s new 
clocked synchronous static random-ac- 
cess-memory design was completed in a 
remarkably short time—only 12 months. 
Moreover, most of the work was done 
by a four-person design team: William 
Martino, design manager for specialized 
memories; Frank Miller, synchronous 
SRAM project leader; chip designer 
Scott Remington; and layout engineer 
Richard Southerland. 

One reason for the fast turnaround 
was that the array and much of the 
peripheral circuitry is identical to what 
was used in the company’s family of 
asynchronous 64-Kbit SRAMSs, says 
Miller. “All we had to do was strip off 
those portions of the circuit relating to 
the asynchronous operation and replace 
them with new synchronous elements.” 

The team drew from two sources for 
the features incorporated into the syn- 
chronous design—including their cumula- 


tive design experience. Miller has seven 
years’ experience in memory design. 
Remington, an eight-year Motorola veter- 
an, worked on the company’s 64-Kbit and 
{- Mbit DRAMs. Southerland, a five-year 
Texas Instruments veteran, worked on 



































EXPERTS. Miller, Southerland, and Remington, 
from left, are old hands at memory design. 
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most of Motorola’s asynchronous SRAMs 
in his two years with the company. 

The other source was extensive input 
from Motorola’s customers. “We. spent 
several months defining a variety of 
special-application memory devices, 
from dual-port SRAMs and_ video 
DRAMs to content-addressable memo- 
ries,” says Miller. “But when we started 
taking these designs around to custom- 
ers for input, we found they were most 
concerned with ways to make standard | 
parts work: better. For designers of 
high-performance systems using cache 
architectures, one of the largest com- 
mon denominators was complaints that 
they had to surround the asynchronous 
parts with a variety of glue. logic to 
operate appropriately in a synchronous 
environment. 

“The key is listening to the custom- 
ers, finding out what their specific com- 
plaints are, and coming up with parts 
that satisfy those needs.” 
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| MILLIMETERS | INCHES | 
| MIN | MAX | MIN | MAX _ 
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| A | 25.65 | 27.17 | 1.010 | 1.070_| 
| B | 610 | 660 | 0.240 | 0.260_| 
| C | 3.74 | 457 | 0.155 | 0.180 | 
| D | 0.38 | 0.55 | 0.015 | 0.022 | 


E 





eee Oe 


ig : , 
a ! \ , | 
NOTES: 
—»|G F —\k--p SEATING Se I ee a 1. DIMENSION AIS A DATUM. T IS BOTH A DATUM 


AND A SEATING PLANE. 

2. POSITIONAL TOLERANCE FOR D DIMENSION; 
22 PL: 

3. DIMENSION L TO CENTER OF LEADS WHEN 
FORMED PARALLEL. 

4. DIMENSIONING AND TOLERANCING PER 
Y14.5 M, 1982. 

5. CONTROLLING DIMENSION: INCH. 








MOTOROLA MEMORY DATA 
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24-LEAD PACKAGES 





a see 300 MIL PLASTIC 
as ‘* a auatawaes 4 CASE 724-03 








NOTES: 


0.25(0.010) ® 1. CHAMFERRED CONTOUR OPTIONAL. 
2. DIM “L” TO CENTER OF LEADS WHEN FORMED 
0.25(0.010)@ SARAiLEL 
3. DIMENSIONS AND TOLERANCES PER ANSI 
Y14.5M, 1982. 
4. CONTROLLING DIMENSION: INCH. 


300 MIL PLASTIC 
CASE 724A-01 































TH 





J 26PL 


4/025 (0.010) ® |} BO) 


NOTES: 

1. DIMENSIONING AND TOLERANCING PER ANSI 
Y14.5M, 1982. 

2. CONTROLLING DIMENSION: INCH. 

3. DIMENSION L TO CENTER OF LEAD WHEN 
FORMED PARALLEL. 

4. DIMENSION A AND B DOES NOT INCLUDE MOLD 
FLASH. MAXIMUM MOLD FLASH 0.25 (0.010). 





MOTOROLA MEMORY DATA 
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24-LEAD PACKAGES (Continued) 


300 MIL SOJ 
CASE 810A-01 


| -F 


= 


DETAIL Z 


N 
| all Ling 24 PL 





| 0.10 (0.004) 


[.-T-_| SEATING: PLANE 





L K < DETAIL Z 


NOTES: 

1. DIMENSIONING AND TOLERANCING PER ANSI 
Y14.5M, 1982. 

2. DIMENSION “A” AND “B” DO NOT INCLUDE 

_ MOLD PROTRUSION. MOLD PROTRUSION SHALL 

NOT EXCEED 0.15 (0.006) PER SIDE. 

3. CONTROLLING DIMENSION: INCH. 

4, DIM “R” TO BE DETERMINED AT DATUM -T-. 


|: 
~ 
ai 


S 
3 


1.27 BSC 
| — | 050 | 


@& |oco 
P oO 
54 
i 
D 
oO 


Oo 

fo] 

© 
~ }90 
— [~/ 
—_— IO? 





0.77 





MOTOROLA MEMORY DATA 
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20/26-LEAD PACKAGES 


300 MIL SOJ 
CASE 822-03 


1 | a _ Z 


ek e& D 20 PL 
40.18 (0.007) © |T] A 


h—P— 





I 0.10 (0.004) 
-+| 0.25 (0.010) ® 
NOTES: 
1. DIMENSIONING AND TOLERANCING PER ANSI 
| A | 17.02 | 17.27 | 0.670 Y14.5M, 1982. 


BR 


| B | 750 | 7.74 | 0.295 | 0.305 | . CONTROLLING DIMENSION: INCH. 

| Cc | 3.26 | 3.75 | 0.128 | 0.148 | DIMENSION A & B DO NOT INCLUDE MOLD 
Tp | 039 | 0.50 | 0.015 | 0.020 | PROTRUSION. MOLD PROTRUSION SHALL NOT 
| E | 224 | 248 | 0.088 | 0.098 | EXCEED 0.15 (0.006) PER SIDE. 

| F | 0.67 | 0.81 | 0.026 | 0.032 | DIM R TO BE DETERMINED AT DATUM -T-. 

FOR LEAD IDENTIFICATION PURPOSES, PIN 
POSITIONS 6, 7, 8, 19, 20, & 21 ARE NOT USED. 


w 


aS 


| G | 1.27 BSC 0.050 BSC 
| 0.50 | — | 0.020 | 





-s [on | 101 [0.030 | 0.040 _| 





MOTOROLA MEMORY DATA 
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20/26-LEAD PACKAGES (Continued) —— 





350 MIL SOU — 
CASE 822A-01 


F 20 PL 
‘| 
DETAIL Z 
N 
ee Dam | 
meee areas Oa 
| -B- | 






S| 0.10 (0.004) 


SEATING PLANE 





| Leash gs S RAD 











MILLIMETERS | INCHES | 
ee eee NOTES: 
| a | 17.02 | 17.27 | 0.670 | 0.680 1. DIMENSIONING AND TOLERANCING PER ANSI 
| B | 877 | 9.01 | 0.345 | 0,355 | Y14.5M, 1982. 


2. CONTROLLING DIMENSION: INCH. 

3. DIMENSION A & B DO NOT INCLUDE MOLD 
PROTRUSION. MOLD PROTRUSION SHALL NOT 
EXCEED 0.15 (0.006) PER SIDE. 

4. DIMENSION A & B INCLUDE MOLD MISMATCH — 
AND ARE DETERMINED AT THE PARTING LINE. 

5. DIM R TO BE DETERMINED AT DATUM -T-. 

6. FOR LEAD IDENTIFICATION PURPOSES, PIN 
POSITIONS 6, 7, 8, 19, 20, & 21 ARE NOT USED. 





MOTOROLA MEMORY DATA 
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28-LEAD PACKAGES 








600 MIL PLASTIC MILLIMETERS | INCHES _| 
CASE 710-02 -MIN_{ MAX_{ MIN 





asa 
Pe a en! d., yo 


SEATING 
PLANE NOTES: 


1, POSITIONAL TOLERANCE OF LEADS (D), SHALL BE 
WITHIN 0.25mm(0.010) AT MAXIMUM MATERIAL 
CONDITION, IN RELATION TO SEATING PLANE 
AND EACH OTHER. 

2. DIMENSION L TO CENTER OF LEADS WHEN 
FORMED PARALLEL. 

3. DIMENSION B DOES NOT INCLUDE MOLD FLASH. 


300 MIL PLASTIC 
CASE 710A-01 


-4-{ 0.25 (0.010) ® |T| B® 


[440.25 (0.010) ® [Tt] a ®@| 


NOTES: 
1. DIMENSIONING AND TOLERANCING PER ANS! 
Y14.5M, 1982. 
2. CONTROLLING DIMENSION: INCH. 
3. DIMENSION L TO CENTER OF LEAD WHEN 
FORMED PARALLEL. 
4, DIMENSION B DOES NOT INCLUDE MOLD FLASH. 





MOTOROLA MEMORY DATA 
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D 28 PL 


~ [440.25 (0.010) @ 


MILLIMETERS | INCHES | 










| MIN | MAX | MIN | MAX | 
| A | 3455 | 34.79 | 1.360 | 1.370 






|B | 7.12 | 7.62 | 0.280 | 0.300 _| 
| ¢ | 381 | 457 | 0.150 | 0.180 





| D | 039 | 053 | 0.015 | 0.021 | 
EL Lu asc __.gs0.88¢__ 
| 4.15 | 1.39 | 0.045 | 0,055 _| 
|G | 254BSC_ | 0.100BSC__ 
| dy | 0.21 | 030 | 0.008 | 0.012 | 
| K | 318 | 342 | 0.125 | 0.135 | 
| L | 7.62BSC__| _0.300 BSC 
| M {| of | 15° | | 15° | 
| N | 051 | 1.01 | 








28-LEAD PACKAGES (Continued) 





300 MIL PLASTIC 


A 


J 28 PL 


CASE 710B-01 






UT] 
" 
y 


4 0.25 (0.010) ® 


NOTES: 


1. DIMENSIONING AND TOLERANCING PER ANSI 


Y14.5M, 1982. 


2. CONTROLLING DIMENSION: INCH. 

3, DIMENSION L TO CENTER OF LEAD WHEN 
FORMED PARALLEL. 

4, DIMENSION A AND B DOES NOT INCLUDE MOLD 
FLASH. MAXIMUM MOLD FLASH 0.25 (0.010). 


CERAMIC 
CASE 733-04 


Jae 


MOTOROLA MEMORY DATA 


14-10 





NOTES: 

1. DIM [-A-] IS DATUM, 

2. POSITIONAL TOL FOR LEADS: 
1+ ¢ 0.25 (0.010) 

3. IS SEATING PLANE. 

4, DIM A AND B INCLUDES MENISCUS, 

5. DIM -L- TO CENTER OF LEADS WHEN FORMED 
PARALLEL. 

6. DIMENSIONING & TOLERANCING PER Y14.5, 1982. 

7, CONTROLLING DIM: INCH. 











1a 


iv 







D 28 PL 


foal 


Ts 


H BRK 


| cal 0.10 (0.004) 
SEATING PLANE 


28-LEAD PACKAGES (Continued) 


; 


Ss] 


| 
¢ 





300 MIL SOG 
CASE 781H-02 


DETAIL X 


0.10 (0.004) | T | 


SEATING 
PLANE 





NOTES: 
1. DIMENSIONING AND TOLERANCING PER ANSI 
Y14.5M, 1982. 

. CONTROLLING DIM: MILLIMETER. 

. DIMENSION A AND B DO NOT INCLUDE MOLD 


GG PRO 


kK—a] LO 


PROTRUSION. 
4. MAXIMUM MOLD PROTRUSION 0.15 (0.006) PER 
SIDE. 
400 MIL SOJ 
CASE 810-03 
DETAIL Z 


0.040 


0.030 





= 





MOTOROLA MEMORY DATA 


NOTES: 
1. DIMENSIONING AND TOLERANCING PER ANSI 

Y14.5M, 1982. 

DIMENSION A & B DO NOT INCLUDE MOLD 

PROTRUSION. MOLD PROTRUSION SHALL NOT 

EXCEED 0.15 (0.006) PER SIDE. 

. CONTROLLING DIMENSION: INCH. 

_ DIM R TO BE DETERMINED AT DATUM -T-. 


2. 


Le) 
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28-LEAD PACKAGES (Continued) - : 





300 MIL SOU 
- CASE 810B-03 


— KF 
a  DETAILZ 


I aed Lean 










aa MILLIMETERS | INCHES | 
re ee 
| A | 18. 1. DIMENSIONING AND TOLERANCING PER ANSI 
| 0.305 Y14.5M, 1982. 


2. DIMENSION A & B DO NOT INCLUDE MOLD 
PROTRUSION. MOLD PROTRUSION SHALL NOT 
EXCEED 0.15 (0.006) PER SIDE. 

3. CONTROLLING DIMENSION: INCH. 

4. DIM R TO BE DETERMINED AT DATUM -T-. 





MOTOROLA MEMORY DATA 
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32-LEAD PACKAGES 





[A] 600 MIL PLASTIC 
| | CASE 850-01 





NOTES: 
1. DIMENSIONING AND TOLERANCING PER ANSI 
0.25 (0.010) @ 0.25 (0.010) @ es ee 


2. CONTROLLING DIMENSION: INCH. 

3. DIMENSION L TO CENTER OF LEAD WHEN 
FORMED PARALLEL. 

4. DIMENSION A AND B DOES NOT INCLUDE MOLD 
FLASH. MAXIMUM MOLD FLASH 0.25 (0.010). 


300 MIL PLASTIC 
CASE 863-01 
















i cine ta Ste: De es SD 
a | ‘ : 
SEATING 
PLANE 
F 
0.25 (0.010) @ + 0.25 (0.010) ® 
| __ INCHES | 
oe [OM Ret fa 
ae 3998 | 1.560 | 1570 | ores; 
0.280 1. DIMENSIONING AND TOLERANCING PER ANSI 
Y14.5M, 1982, 


2. CONTROLLING DIMENSION: INCH. 

3. DIMENSION L TO CENTER OF LEAD WHEN 
FORMED PARALLEL. 

4, DIMENSION A AND B DOES NOT INCLUDE MOLD 
FLASH. MAXIMUM MOLD FLASH 0.25 (0.010). 





MOTOROLA MEMORY DATA 
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- 330 MIL SOG 
CASE 854-01 


DETAIL X 


a L D 32PL 


G 


my fo 
HIS 


DETAIL Z 





S [+]025 10010 ® [B® | 


[ DETAIL X . DETAIL Z 
: \ 
= 









laisininlaiaiainisininialaisish 


460 MIL SOG 
CASE 856-01 


DETAIL X 





#1020 0.008) ® |T] B©| A@ 


) 


“uf 
“TL. 





DETAIL Z 
S [4] 0.25 (0.010) @ 
/- DETAIL X DETAIL Z 
: : 










MOTOROLA MEMORY DATA 
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32-LEAD PACKAGES (Continued) 











DIMENSIONING AND TOLERANCING PER ANSI 
Y14.5M, 1982. 

2. CONTROLLING DIMENSION: MILLIMETERS. 

3. DIMENSION A AND B DO NOT INCLUDE MOLD 
PROTRUSION. 

4. MAXIMUM MOLD PROTRUSION 0.15 (0.006) PER 
SIDE. 


vom RMMUMETERS_L INCHES. 
| MIN | MAX | MIN | 

| 20.40 | 20.70 | 0.803 | 0.815 | 
| 14.10 | 11.30 | 0.437 | 0.445 





NOTES: 


—_ 


w 


> 


. DIMENSIONING AND TOLERANCING PER ANSI 


Y14.5M, 1982. 


. CONTROLLING DIMENSION: MILLIMETERS. 
. DIMENSION A AND B DO NOT INCLUDE MOLD 


PROTRUSION. 


. MAXIMUM MOLD PROTRUSION 0.15 (0.006) PER 


SIDE. 








32-LEAD PACKAGES (Continued) 









300 MIL SOJ 
CASE 867-02 
——~|_ — F 32PL 
| 
N NOTE 4 
DETAIL Z 
| a3 fs D 32 PL NOTE 5 
~— P—> 
_[-X-] notes 









(ae 0.10 (0.004) 


| -T- | SEATING PLANE 


Cc 





=a S RADIUS 
NOTES 


NOTES: 
. DIMENSIONING AND TOLERANCING PER ANSI 
Y14.5M, 1982. 

2. CONTROLLING DIMENSION: INCH. 

3. DATUM PLANE -X- LOCATED AT TOP OF MOLD 
PARTING LINE AND COINCIDENT WITH TOP OF 
LEAD, WHERE LEAD EXITS BODY. 

4, TO BE DETERMINED AT PLANE -x-. 

5. TO BE DETERMINED AT PLANE -T-. 

6. DIMENSION A & B DO NOT INCLUDE MOLD 
PROTRUSION. MOLD PROTRUSION SHALL NOT 
EXCEED 0.15 (0.006) PER SIDE. 


eee 








MOTOROLA MEMORY DATA 
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44-LEAD PACKAGE . 


PLASTIC CHIP CARRIER 
CASE 777-02 


B LO-m © 
U LO-m® 


NOTE 1 


















J 
\ 






LEADS 
ACTUAL 


DAA AR 





14 
u 





G1 


N@-P ©| LO-MO® 


Xx 


A LOM@®|N@-p@®|  ViEWD-D 


[+[o.18 (0.007 © [tT] LO-mO] | N@-P@ 
er Te H Fy forei000 © [T]NOrO|LO-MO 
KI 

m a ca _ a +[0.18 (0.007) ® |T| L\©-M@|NO-PO 
(NOTE 1) g {410.18 (0.007) ® | L©-M ©|N@-P 
DETAIL S 7 DETAIL S N O-M@ 


L@-MO[ NO-P® 











earl MILLIMETERS | INCHES | 
| MIN | 


| MAX | MIN | 
| A | 17.40 | 17.65 | 0.685 | 0.695 _| 
| B | 17.40 | 17.65 | 0.685 | 0.695 _| 
| ¢ | 420 | 457 | 0.165 | 0.180 | 


NOTES: 

1. DUE TO SPACE LIMITATION, CASE 
777-02 SHALL BE REPRESENTED BY A 
GENERAL (SMALLER) CASE OUTLINE 
DRAWING RATHER THAN SHOWING 
ALL 44 LEADS. 

2. DATUMS -L-, -M-, -N-, AND -P- DETERMINED 
WHERE TOP OF LEAD SHOULDER EXIT PLASTIC 
BODY AT MOLD PARTING LINE. 

3. DIM G1, TRUE POSITION TO BE MEASURED AT 
DATUM -T-, SEATING PLANE. 

4. DIM R AND U DO NOT INCLUDE MOLD 
PROTRUSION. ALLOWABLE MOLD PROTRUSION 
IS 0.25 (0.010) PER SIDE. 

5. DIMENSIONING AND TOLERANCING PER ANSI 
Y14.5M, 1982. 

6. CONTROLLING DIMENSION: INCH. 





MOTOROLA MEMORY DATA 
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52-LEAD PACKAGE 


PLASTIC CHIP CARRIER 
CASE 778-02 


B LOu® 
u 


NOTE 1 













G1 


LOu® 


Vv 


| X |< 
A VIEW D-D 





: 
n Hlovegon Olt GwOlNOr® , 









NOTES: 

1. DUE TO SPACE LIMITATION, CASE 778-02 SHALL BE 
REPRESENTED BY A GENERAL (SMALLER) CASE 
OUTLINE DRAWING RATHER THAN SHOWING ALL 52 
LEADS. 

2. DATUMS -L-, -M-, -N-, AND -P- DETERMINED WHERE TOP 
OF LEAD SHOULDER EXIT PLASTIC BODY AT MOLD 
PARTING LINE. 

3. DIM G1, TRUE POSITION TO BE MEASURED AT DATUM -T-, 
SEATING PLANE. 

4. DIMR AND U DO NOT INCLUDE MOLD PROTRUSION. 
ALLOWABLE MOLD PROTRUSION IS 0.25 (0.010) PER SIDE. 

5. DIMENSIONING AND TOLERANCING PER ANSI Y14.5M, 
1982. 

6. CONTROLLING DIMENSION: INCH. 








MOTOROLA MEMORY DATA 
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30-LEAD MODULES 







MILLIMETERS | INCHES | 
| MIN | MAX | 


| MIN | 
| A | 98.78 | 89.02 406 | 3.505 _ 
[B | 20.20 | 2044 | 0.795 | 


CASE 839-01 





oO 
co 
S 
a 


oO 
ho 
fm] 
co 


¥ a Ffaowiaonl 






: 
ho 
oS 
at 
& 
S 
= 
~~ 

2 

a] 

a 






ae 
ow 
nN 
oO 
So 
Semnal 
oS 
So 
oo 
” 
sae 


baad bend 
ols 
sie : 
alos 





NOTES: 


1, DIMENSIONING AND TOLERANCING PER 
aa wan ANSI Y14.5M, 1982. 
s DEI H 7 2. CONTROLLING DIMENSION: INCH. 


3. TABS TO BE ELECTRICALLY CONNECTED BOTH 
SIDES OF CARD. 

4. DIMENSION E INCLUDES PLATING AND/OR 
METALIZATION. 

5. CONTACT ZONE MUST BE FREE OF HOLES. 


CASE 839A-01 


2 _ {2.0.08 0.003) | 






COMPONENT ! AREA 


alujajajeiajele sopoonnth J)}a}s]8)p)a)8)0)e)eje|e)eiele 
e 


V 
| -Z- | ia 
aaa G || oN age : : 
U w 
M C | 
[-D- | |-440.25 (0.010) © {z, 
F $+ 0.25 (0.010) © | 25 (0.010) © oe MILLIMETERS | INCHES | 
| MIN | MAX | MIN | 
Ta { 88.78 | 89.02 | 3.495 | 3.505 | 
| B | 13.85 | 1409 | 0.545 | 


NOTE 5 

jc | — | 52% | — | 0.208 | 
[| bp | 166 | 1.90 | 0.065 | 0.075 | 
| E | 120 | 1.34 | 0.047 | 0.053 | 
| F | 115 | 1.39 | 0.045 | 0.055 | 
| G | 254BSC_ | 0.100 BSC_| 




















S DETAIL X 


al q Tut — | 0 | — | oo, 
NOTES: ft | 204/ — | oo | — | 

i. DIMENSIONING AND TOLERANCING PER ANSI 1M | 191 1 215 | 0.075 | 0.085 | 

Y14.5M, 1982. TN | 326 | 350 | 0.128 | 0.138 | 


2. CONTROLLING DIMENSION: INCH. 
3. TABS TO BE ELECTRICALLY CONNECTED BOTH 


| P| 1i5 | — | 0045 | — | 
| O | 313 | 3.22 | 0.123 | 0.127 _| 





SIDES OF CARD. | R | 623 | 647 | 0.245 | 0.255 | 

4. DIMENSION E INCLUDES PLATING AND/OR | $ | 0.13 {| 0.38 | 0.005 | 0.015 | 
METALLIZATION. Tu _{ 82.02 | 82.27 | 3.229 | 3.239 | 

5. CONTACT ZONE MUST BE FREE OF HOLES. | V_|{ 10.04 | 10.28 | 0.395 | 0.405 | 
[wl] 254] -— Jom] — | 






MOTOROLA MEMORY DATA 
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30-LEAD MODULES (Continued) 


CASE 839B-01 












COMPONENT /! AREA 


s DETAIL X | 
H 


60 PL 


NOTES: 
. DIMENSIONING AND TOLERANCING PER ANS! 
Y14.5M, 1982. 

2. CONTROLLING DIMENSION: INCH. 

3. TABS TO BE ELECTRICALLY CONNECTED BOTH 
SIDES OF CARD. 

4. DIMENSION E INCLUDES PLATING AND/OR 
METALIZATION. 

5. CONTACT ZONE MUST BE FREE OF HOLES. 


nl 





MOTOROLA MEMORY DATA. 
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72-LEAD MODULES 


CASE 966-01 


MILLIMETERS | INCHES | 
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Q 2PL 
asl D nn 
COMPONENT AREA 


+ ]o10(0009 ©[t]x@[¥] 






NOTES: 
1. DIMENSIONING AND TOLERANCING PER ANSI 
Y14.5M, 1982. 
. CONTROLLING DIMENSION: INCH. 
. CARD THICKNESS APPLIES ACROSS TABS AND 
INCLUDES PLATING AND/OR METALIZATION. 


DETAIL AA 


@ 


CASE 866A-01 





Pe MILLIMETERS | INCHES | 
| MIN | 


107.82 | 108.08 | 4.245 | 4.255 | 
30.48 | 33.02 | 1.200 | 1.300 
P| 
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0.1 


| Q | 312] 3.22] 0.123 | 0.127 | 
| OR | 6.22 6.48 | 0.245 | 0.255 | 
| S | 5.72) — | 0.225 | — | 
| U_ | 10119BSC_| 3.984BSC_| 
| Vv | — | 5.28] — | 0.208 | 
| Wo 12] — | 0.044 | — | 
| X | 152] 1.63] 0.060 | 0.064 | 


NOTES: 
1. DIMENSIONING AND TOLERANCING PER ANSI 
Y14.5M, 1982. | 
2. CONTROLLING DIMENSION: INCH. 
3. CARD THICKNESS APPLIES ACROSS TABS AND 
INCLUDES PLATING AND/OR METALIZATION. 






Q 2eL 


ae 


te COMPONENT AREA 


D 72PL 


+} 0.10 0.00 © |T}x@ |v 


DETAIL AA 








MOTOROLA MEMORY DATA. 
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MOTOROLA 
aa SEMICONDUC, wwe 


TECHNICAL DATA 


Tape and Reel 


Embossed Tape and Reel | oie ees 


Embossed Tape and Reel is used to facilitate automatic pick and place equipment feed re- Surface Mount 
quirements. The tape is used as the shipping container for various products and requires a Devices 
minimum of handling. The antistatic/conductive tape provides a secure cavity for the product 
when sealed with the “‘peel-back’’ cover tape. 


@ 13-inch Reel 

@ Used For Automatic Pick and Place Feed Systems 
@ Minimizes Product Handling 

@ EIA-481 

@ SOJ-24, SOJ-28, SOJ-20/26 





PACKAGES 


SOJ-20/26 


Ordering Information 

Use the standard device title and add the required suffix R2. Note that the individual reels 
have 1000 devices per reel. Also note the minimum lot size is one full reel for each line item, 
and orders are required to be in increments of the single ree! quantity. 





nrc 
DIRECTION OF FEED 









Device Ree! Size Tape & Reel Device 
SE Ye 
ES ~  S  ” 
| sov2oe | etm to 











MOTOROLA MEMORY DATA 
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TAPE AND REEL DATA 


CARRIER TAPE SPECIFICATIONS 


10 PITCHES 
CUMULATIVE 
TOLERANCE ON 


K . Py TAPE 
p +0.2 mm 
t “ | | 2 (— 0.008”) 







By Ko 


SEE NOTE 1 
FOR COMPONENTS 


FOR MACHINE REFERENCE EMBOSSMENT CENTER LINES 2.0 mm x 1.2 mm 
ONLY ——_—_——_———> oF cavity AND LARGER 
INCLUDING DRAFT AND RADII USER DIRECTION OF FEED 
CONCENTRIC AROUND Bg 


Dy 













*TOP COVER 

TAPE THICKNESS (ty) 
0.10 mm 

(0.004”) MAX. 


TAPE AND COMPONENTS 
SHALL PASS AROUND RADIUS “R” 
WITHOUT DAMAGE 





BENDING RADIUS 
10° MAXIMUM COMPONENT ROTATION 


TYPICAL i 
COMPONENT CAVITY | ea 1mm MAX 
CENTER LINE _. i 


7 } 1mm 
(0.039”) MAX 280 mn 






TYPICAL 
COMPONENT 
CENTER LINE (9.843”) 


CAMBER (TOP VIEW) 
ALLOWABLE CAMBER TO BE 1 mm/100 mm NONACCUMULATIVE OVER 250 mm 


DIMENSIONS 


50mm | 0.400 mm} 2440.2 mm 
(0.472 +.0.004") | (0.157 + 0.004") | (0.079+.0.002")} (1.9687) | (0.016") | (0.945+0.008") 


Metric Dimensions Govern— English are in parentheses for reference only. 
NOTE 1: Ag, Bg, and Kg are determined by component size. The clearance between the components and the cavity must be within 0.06 mm 
min to 0.50 mm max. The component cannot rotate more than 10° within the determined cavity. 
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TAPE AND REEL DATA 


REEL DIMENSIONS 


Metric Dimensions Govern— English are in Parentheses for Reference only. 


—s| L<— Tmax 


13.0 mm + 0.5 mm 
(0.512” + 0.02”) 


ma 


50 mm MIN 
(1.969”) 


FULL RADIUS 


a ee 


24.400 mm, +2.0 mm, —0.0 | 30.4mm 
(0.961", +0.079”, —0.00) (1.197”) 


TAPE ENDS 


COMPONENTS. 
NO COMPONENTS NO COMPONENTS 


CAVITY TOP TAPE 500 mm MIN 500 mm MIN 
TAPE (19.7” MIN) (19.7” MIN) 


DIRECTION OF FEED 
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Selector Guide and Cross Reference 
CMOS Dynamic RAMs 

DRAM Modules 

Video RAMs 

Pseudo Static RAMs 

General MOS Static RAMs 

CMOS Fast Static RAMs 

CMOS Fast Static RAM Modules 
Application Specific MOS Static RAMs 
MOS EEPROM 

Military Products 

Reliability Information 

Applications Information 


Mechanical Data 


MOTOROLA MEMORY DATA 








Selector Guide and Cross Reference 


CMOS Dynamic RAMs 


| DRAM Modules 


Video RAMs 

Pseudo Static RAMs 

General MOS Static RAMs 

CMOS Fast Static RAMs 

CMOS Fast Static RAM Modules 
Application Specific MOS Static RAMs 
MOS EEPROM 

Military Products 

Reliability Information 

Applications Information 


Mechanical Data 


MOTOROLA MEMORY DATA 
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MOS MEM 40,000 YHAAA 
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